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THE DEVELOPMENT OF MAGMATISM IN BULGARIA 
AND THE DISTRIBUTION OF THE ASSOCIATED ORE DEPOSITS‘ 


by 


Str. Dimitrov 


The territory of the Bulgarian People's 
Republic, located in the central part of the 
Balkan Peninsula, has an extremely complex 
geologic structure resulting from a violent 
geologic past in which magmatism played a 
very important role. 


The study of the development of magmatism 
and its relation to tectonics and ore deposi- 
tion in Bulgaria was initiated on the basis of 
a broad generalization petrographic investiga - 
tions published by me in 1939. In the follow- 
ing year, Stille [17] made a more detailed 
theoretical analysis of the tectono-magmatic 
relationships in the geologic structure of 
Bulgaria, based on his concept of the so-called 
“normal course” of development of tectonics 
and magmatism in geosynclinal belts. He 
separated the following main stages: 1) the 
geosynclinal regime with initial simatic mag- 
matism, 2) the orogeny with sialic “litho- 
genic” plutonism, 3) the quasi-cratonic condi- 
tion with subsequent sialic volcanism and 4) 
the completely rigid (platform) condition with 
simatic volcanism. An attempt to apply this 
scheme to the development of magmatism and 
tectonics in Bulgaria showed that it can be 
done in a general way only if the details of 
geologic structure are disregarded. 


The general picture of the distribution and 
sequence of the formation of magmatic com- 
plexes and their relation to tectonics was 
subsequently augmented and revised by me on 
the basis of now geological data [6, 10]. At 
the same time, V.E. Petraschek [12-15] 
applied himself to the problems of metallogeny 
and its relation to magmatism and tectonics 
within the broader framework of the Alpine 
orogeny of southeastern Europe. These prob- 
lems were also studied in a general way by 
Iv. Kostov [11]. In recent years the problems 
of magmatism and endogenic ore formation 
have been paid particular attention in the 
Soviet Union, and this gives me an opportunity 


10 razvitii magmatizma i razmeshchenii suyazan- 
nykh s nim rednykh mestorozhdeniy bolgarii. 


to present a brief summary of the present 
state of our knowledge of the development 
and relationship between magmatism, tec- 
tonics and ore formation in the territory of 
Bulgaria. I shall try to apply the scheme 
proposed by Yu.A. Bilibin and the collective 
of the geologists of the VSEGEI (1955) in 
order to see how well our concrete example 
fits it. 


The history of the tectono-magmatic devel- 
opment of Bulgaria embraces three long 
cycles: 1) the pre-Silurian (Precambrian- 
Cambrian?), 2) the Paleozoic-Variscan, and 
3) the Alpine. 


MAGMATIC COMPLEXES 
AND MINERALIZATION IN THE ANCIENT 
CRYSTALLINE BASEMENT 
(PRECAMBRIAN-CAMBRIAN ?) 


The ancient crystalline basement occupies 
the larger part of the southern half of the 
country. It is exposed mainly in the Rhodope 
massif and in the central part of the Sred- 
negor'ye (Fig. 1). Two series of schists are 
distinguished in, it, the lower, strongly meta- 
morphosed series with widely developed 
migmatization and granitization and the upper, 
less strongly metamorphosed series, pre- 
dominantly of the epizone facies. The crystal- 
line basement contains large masses of gran- 
ites and granite gneisses. The widespread 
amphibolites, hornblende schists and leptites 
of the lower metamorphic series may with 
some certainty be regarded as metamorphosed 
representatives of the oldest geosynclinal 
volcanics. 


The lower series contains large bodies of 
granite gneisses which many investigators 
regard correctly as migmatites, although 
it is not impossible that some of them are 
true orthogneisses formed from the ancient 
abyssal granitic intrusions. Unquestionably 
magmatic are the numerous small basic and 
ultrabasic plutons scattered throughout the 
crystalline basement and metamorphosed into 
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orthoamphibolites and serpentinites, respect- 
ively. The so-called "Struma diorite forma- 
tion," until recently referred to the Paleozoic, 
should be grouped with these plutons. 


The same may be said of the serpentinites, 
for, like the diorites, they are cut by granite 
pegmatites and therefore cannot be younger than 
the parent granite. The age of the granite, 
according to the latest date from investigations 
in southwestern Bulgaria, must be considered 
pre-Silurian, for Silurian strata are not meta- 
morphosed at the contacts with the granites of 
the South Bulgarian type. This is in essential 
agreement with the results of experiments in 
the determination of absolute age of some of 
the granites and pegmatites by the lead method 
on allanites. The maximum ages obtained are 
from 350 to 400 million years’ and suggest 
probable Caledonian age for the granites. 


The granites of the ancient crystalline 
basement are of the South Bulgarian type and 
occur as large batholiths in the cores of the 
dome-like brachyanticlines or cut through the 
metamorphic complexes. They are bordered 
by feldspathization aureoles traversed by 
numerous pegmatites. 


The magmatism of the Precambrian-Cam- 
brian cycle apparently ended with the intrusion 
of dike rocks ranging in composition from 
diorite to granite porphyries with the latter 
predominating. There are other granitoids in 
the crystalline basement, but their age rela- 
tionships have not been established. 


The ancient crystalline basement is poor in 
ore deposits: Small late magmatic chromite 
deposits are genetically related to the ultrabasic 
intrusions mainly in the southern part of the 
Rhodope massif, and a very few contact meta- 
morphic magnetite deposits of the skarn type 
are associated with the large granitic intrusions. 
Some of the granite pegmatites contain beryl. 


On the basis of the established relative 
age of the magmatic complexes of the ancient 
crystalline basement, and on the assumption 
that they all belong to the same pre-Silurian 
geosynclinal cycle, the sequence of formation 
of the individual magmatic complexes agrees 
well with the existing schemes of magmatic 
development in geosynclinal zones. The initial 
stage is represented by the geosynclinal, 
mainly basic volcanic rocks and their tuffs; 
the early stage is marked by the emplace- 
ment of basic and ultrabasic plutonites; the 
middle or batholithic stage, by the formation 
of large granitic bodies with associated inten- 
sive migmatization; and to the last stage; 
corresponding to his stage of subsequent 
volcanism, Stille refers the dike rocks. 


2Unpublished data of N. Yordanov, Assistant at the 
Department of Analytical Chemistry, Sofiya State 
University. 


THE DEVELOPMENT 
OF MAGMATISM AND ORE DEPOSITION 
DURING THE VARISCAN CYCLE 


We have rather complete data on the ages 
of the igenous rocks related to the Variscan 
tectonic activity which occur in the Paleozoic 
core of Staraya Planina and in southwestern 
Bulgaria. The initial stage of magmatism in 
this cycle was marked by large geosynclinal 
eruptions which extruded vast masses of 
spillites and basalts. They are sometimes 
accompanied by quartz keratophyres, tuffs 
and tuffaceous sediments of the so-called 
basalt-phyllite formation, which is undoubtedly 
lower Paleozoic, and on the basis of litho- 
logical analogy is considered Devonian. 


Before the Upper Carboniferous, the Vari- 
scan geosyncline was subjected to intensive 
folding (Sudeten phase of folding?). This 
disturbance was accompanied by the emplace- 
ment of a number of plutons, mainly stocks 
and relatively small batholiths, known as the 
calcalkalic intrusive formation of Staraya 
Planina. Here the succession of intrusions 
included gabbros, diorites, granodiorites and, 
finally, rather small plutons of amphibole- 
biotite and pegmatoidal granites. The intru- 
sion of these granites was probably coincident 
with the culmination of folding (they often 
have flow structure), and intrusion of the 
pegmatoidal (""Klisurskiy") granite was ac- 
companied by intensive migmatization of the 
invaded basalt-phyllite formation. These 
intrusions produced numerous comagmatic 
aschistic dikes of diabase, diorite, grano- 
diorite and granite porphyries. 


In the Silurian-Upper Carboniferous interval, 
and perhaps a little later, during the entire 
period of consolidation of the folded zone, a 
number of small intrusives of the Meditter- 
ranean alkalic magma type were emplaced in 
Staraya Planina, including potassic alkalic 
quartz syenites, shonkinites, tinguaites, 
bostonites and other rare igneous rocks. 


The magmatic activity of the Variscan 
cycle terminated in minor extrusions of 
rhyolites during the Permian and in the for- 
mation of small, mainly vein-like bodies of 
potassic and sodic alkalic syenite porphyries, 
which often cut the lower beds of the redbed 
series. These igneous rocks were products. 
of the final stage of variscan magmatism. 


Paralleling this "normal" development of 
magmatism, there occurred the deposition of 
endogenic ores. Minor mineralization in vol- 
canic and sedimentary rocks and hydrothermal 
veins is related to the initial stage of magma- 
tism represented by the basalt-phyllite forma- 
tion. The contact metasomatic mineralization 
in marble and the hydrothermal deposits of 
iron, copper and lead-zinc ores with tungsten, 
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silver, arsenic and other metals are related 
to the intrusions in Staraya Planina. The 
alkalic plutonites of the latest stage contain 

a high concentration of rare earths — lan- 
thanum, cerium, yttrium, scandium — and 
have caused varied and valuable mineralization. 


THE TECTONO-MAGMATIC RELATIONS 
AND ENDOGENIC MINERALIZATION 
OF THE ALPINE CYCLE 


The first manifestations of the Mesozoic 
magmatic activity were discovered recently in 
the form of basic flows and tuffs in the Lias- 
sic and Tithonian of southeastern Bulgaria 
(Sakar Planina and Strandzha Planina). Besides 
these products of basic geosynclinal volcan- 
ism, in the middle Liassic and in the Oxford- 
ian-Kimmeridgian there occurred tabular 
intrusions of peculiar leucocratic granites and 
granite porphyries resembling microcline and 
albite alaskites, which, as is known, are not 
quite usual for this stage of development of 
magmatic activity (G.D. Afanas'yev [2]). By 
analogy with quartz keratophyres and albito- 
phyres, these rocks might be regarded as the 
products of evolution of simatic magma, but 
it is difficult to reconcile this interpretation 
with the large size of the leucocratic granite 
bodies and the relatively limited distribution 
of Jurassic basaltic flows. 


Between the Jurassic and Upper Cretaceous, 
but most likely immediately after the Jurassic, 
at the time of early Kimmeridgian folding, the 
Jurassic geosynclinal granites were subjected 
to regional metamorphism quité similar to the 
regional kinetic metamorphism of the Jurassic 
sediments in the western Alps. Evidently this 
metamorphism had no connection with intru- 
sive activity. The geological data indicate that 
this regional metamorphism was induced 
mainly by intensive stresses. Insofar as it is 
impossible to prove theoretically the mechan- 
ical origin of the heat energy required for 
metamorphism, it must be assumed that 
stresses aided the flow of ascending hydro- 
thermal solutions and thus had an indirect 
effect on the rise of temperature in the region 
undergoing metamorphism. 


In the Cretaceous period the region of 
magmatic activity was shifted northward to- 
gether with the geosyncline. Very probably 
this was the time of emplacement of several 
small diorite intrusives and diorite porphyry 
dikes which cut the Jurassic and Neocomian 
strata of Staraya Planina in the vicinity of the 
towns of Botevgrad and Etropole. There are 
reasons to believe that the polymetallic depos- 
its in the Middle Triassic rocks near the 
Isklir River canyon are related to these very 
poorly exposed intrusives. V.E. Petraschek 
[12] ascribes these intrusives to the Upper 


Cretaceous volcanism in the Srednegor’e belt, 
the so-called sub-Balkan volcanic belt. It 
should be noted, however, that these intru- 
sives are spatially isolated and on the basis 
of geological evidence may be considered as 
independent Middle Cretaceous intrusives. 


The Srednegor'ye orthogeosyncline was 
formed during the Upper Cretaceous and filled 
with great masses of andesites, latites, tuffs 
and tuffaceous sediments. According to Stille 
[17], the composition of the products of this 
volcanic activity, although it was localized in 
the orthogeosyncline, indicates not the initial 
simatic volcanism but subsequent sialic vol- 
canism. The latter, in Stille's opinion, has 
its’ source in "lithogenic’’ magma formed in 
the lithosphere during the preceding phase of 
intensive folding. Since this phase was not 
manifested in the region, Stille resorts to 
the hypothesis of “allochthonous" and "para- 
chthonous" magmas formed elsewhere, either 
in distant or in neighboring regions, and in 
our case in the Vardar River zone or in the 
Rhodope massif during the supposed Austrian 
tectogenesis. Later, in the Senonian, this 
magma moved subcrustally to the Srednegor'ye 
geosyncline, Petraschek holds the same view 
and applies it to the above mentioned poly- 
metallic deposits near the Isklir River canyon 
in Staraya Planina. 


Genetically related to subaqueous volcanism 
in the Srednegor'ye zone are several rather 
large manganese deposits and many small 
copper mineralizations of the volcanic subli- 
mate type containing native copper, copper 
sulfides and hematite associated with zeolites, 
prehnite and epidote. At the end of the Upper 
Cretaceous, the subsqueous volcanism in the 
region of Panagyuriashte culminated in the 
eruption of sub-extrusive and extrusive dacites 
and the formation of extensive propylitized 
zones containing copper and pyrite deposits of 
the Bor and Majdanpek type of eastern Siberia. 


Between the Upper Cretaceous and pre- 
Obonian, at the beginning of the Tertiary 
period, .the Srednegor'ye geosyncline was sub- 
jected to intensive folding, and near its south- 
ern border a number of hypabyssal, predomi- 
nantly fissure plutons were emplaced, small 
but varied in composition and structurally 
complex. They are characterized by mixed 
chemical composition (Pacific and Mediterran- 
ean). The succession of intrusives in this 
area includes pyroxenite, gabbro, diorite, 
monzonite, syenite and granite, and in eastern 
Bulgaria, a series of comagmatic dikes. In 
the Srednegor'ye belt, young magmatism pro- 
duced a number of contact metasomatic depos- 
its and hydrothermal veins carrying mainly 
iron and copper but sometimes also tungsten, 
molybdenum and other metals. 


In the Eocene the magmatic activity spread 
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to the south into the Rhodope region, which 
began gradually to subside. The deep frac- 
tures which developed here caused intensive 
volcanic activity responsible for the vast 
masses of andesites, dacites, rhyolites, tuffs 
tuffaceous sediments. Volcanism reached its 
culmination in the Oligocene. It was followed 
by the formation of hypabyssal and subextru- 
sive bodies represented by small stocks and 
dikes of monzonite porphyry and related rocks 
intruded into the Paleogene volcanic and sedi- 
mentary complexes or into the ancient crystal- 
line basement of the central and eastern parts 
of the Rhodope massif, Genetically related to 
this magmatism in the Rhodope region are 
rich polymetallic veins and metasomatic de- 
posits, partly of the skarn type. 


Magmatic activity subsided rapidly towards 
the end of Alpine time. In southwestern Bul- 
garia along the Struma River valley, a few 
volcanoes remained active during the Neogene, 
and erupted trachyandesites. It is probable 
that the numerous but small basaltic flows 
along the east-west faults traversing northern 
Bulgaria, Staraya Planina and Srednegor'ye 
were extruded at this time. 


SUMMARY 


Bilibin's scheme, like those previously 
proposed, aids in making comparative studies 
of the development of magmatism, tectonics 
and metallogeny in the different mobile zones 
and different tectonomagmatic cycles. Such 
studies reveal general regularities and spe- 
cific peculiarities which, to a greater or less 
degree, disturb the normal course of related 
processes. 


As emphasized by Stille, the variations in 
the normal course of development arise, first 
of all, because during a geotectonic cycle a 
given phase of folding affects only one part of 
a geosyncline, which then passes into a quasi- 
cratonic state while adjacent parts still con- 
tinue to subside. This changes simultaneously 
the type of magmatism and the region of its 
manifestation. Especially significant complica- 
tions occur during the middle stages, i.e., 
at the time of the most intensive folding. A 
particularly clear illustration of this is the 
middle stage of the Alpine cycle, which in- 
cluded several phases of folding differing in 
extent and sometimes partially overlapping 
because of the gradual development of the 
folded zone. This face determined the great 
variation in composition of the igneous rocks 
formed during this stage. Depending on the 
geological setting of their formation, they 
present the characteristics of deep-seated, 
very uniform, granite batholiths or of hypa- 
byssal intrusives with strong Pacific type 
characteristics and a large range of differ- 


entiation, or as in the case of the Alpine 
cycle, the igneous rocks form small intru- 
sions of extremely variable composition 
ranging from pyroxenites to very acid granites 
and syenites. Evidently in the case of a great | 
variety of intrusive rocks, assimilation plays | 
an important role, and it also influences the 
associated mineralization. 


Similar complications occurred during the 
formation of the above-mentioned leucocratic 
granites of the initial stage of development of | 
the Jurassic geosyncline and during the Upper 
Cretaceous andesite-trachyte volcanism co- 
inciding with the geosynclinal regime in the 
Srednegor'ye structural belt. The explanation 
of these complications must be sought by pro- | 
found analysis of the entire geological setting _ 
and of the composition of the corresponding 
magmatic complexes. The very fact that these | 
problems arise helps further development of 
the proposed schemes and makes it easier to 
solve the problem of the general pattern of 
the development of magmatic activity, tecton- 
ics and metallogeny in folded regions. 
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CATAGENESIS! 


by 


A.I. Perel'man 


"The phenomena of catagenesis are exceptionally interesting and important from 
the geochemical point of view. ... This term, introduced by me into geochemistry 
in 1922, is not yet generally accepted, yet the vast cycle of geochemical processes 
embraced by it still remains unstudied." 


The study of supergene processes has 
always been one of the main objects of geo- 
chemistry. It has grown in importance in 
recent years in connection with the extensive 
development of geochemical methods of pros- 
pecting whose theory is based essentially on 
the laws of supergene migration of elements. 
A considerable role in increasing interest in 
supergene processes has been played by the 
idea that a whole group of very large ore 
deposits may be of supergene origin. Many 
features of supergene processes are now being 
studied thoroughly and from many points of 
view. There are, however, certain processes 
of the supergene cycle which have been only 
slightly touched upon by geochemical thought. 
One of these is catagenesis, a concept intro- 
duced to science by A.E. Fersman in 1922, 
In 1934 he wrote, ". . . by catagenesis I 
mean the totality of chemical transformations 
of sediment after it became separated from 
the water of the basin by a layer of later 
deposit and up to the moment when it became 
part of the surface of a continent, i.e. when 
it became exposed to the atmosphere. . . 
Catagenesis is related to the exchange of 
solutions between petrographically and geo- 
logically different layers or horizons. The 
main participants in this process are oxygen, 
carbonic acid and water, and, in part, silica, 
sulfuric acid solutions, etc. . . .. The re- 
sults of the process are cavities with calcite 
dripstone (stalactites), secondary concretions, 
fractures filled with calcite or quartz, silici- 
fication, enrichment in magnesium and forma- 
al of dolomite, palygorskite, etc. ...." 

14}. 


iKatagenez. 


— A.E. Fersman, Geokhimiya, v. 2, 1934, p. 294. 


The principal agent of catagenesis is 
ground water migrating over relatively short 
distances within the boundaries of rock con- 
tacts. New mineral bodies are formed also 
as a result of more extensive migration of 
subsurface solutions, but this process Fers- 
man proposed to call hydrogenesis. 


Inasmuch as catagenesis and hydrogenesis 
as understood by Fersman are caused by the 
same agent and it is difficult to draw a 
boundary between them, we propose to use, 
from now on, only the term catagenesis and 
to broaden its interpretation to include all 
changes in rocks produced by ground water 
in the supergene zone, 


The catagenetic processes are of great 
geochemical importance. During geological 
history, ground waters have performed a vast 
chemical labor in the earth's crust and in 
many cases radically reworked the sedimentary 
rocks. These processes are responsible for 
the formation and destruction of ore deposits, 
for the alteration halos around ore bodies, for 
the chemical composition of ground waters 
and for many other geological phenomena of 
practical importance, It is easy to understand 
why these processes interest hydrogeologists, 
mineralogists, geochemists and other special- 
ists (see the works of A.M. Ovchinnikov, 
V.A. Sulin, FA. Makarenko, N.M. Strakhov, 
L.B, Rukhin, D.G. Sapozhnikov, N.V. Log- 
vinenko, L.V. Pustovalov and others). But 
still the catagenetic processes are far from 
being well known, and a number of phenomena 
related to them have remained almost un- 
touched by scientific investigation. 


The geochemical study of these processes 
initiated by Fersman should be of the greatest 
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importance in extending our knowledge of 
them. In the present paper, certain general 
problems of the geochemistry of catagenesis 
will be discussed on the basis of the author's 
material from the Russian platform, Kazakh- 
stan and Middle Asia. 


The characteristic feature of catagenesis 
is the irregularity of its distribution in the 
strata and its localization in definite horizons, 
beds and structures. Catagenesis develops 
mainly in aquifers and at their contacts with 
impermeable strata, while the central parts 
of the latter may be relatively little changed. 
Thus in the zone of catagenesis, side by side 
with strongly altered rocks there may exist 
large “sealed off’ blocks of unchanged or 
slightly changed rock. 


In studying the various catagenetic phenom- 
ena, it is not difficult to show that each of 
them is characterized by the presence of 
certain elements whose migration is the geo- 
chemical feature of the given type of cata- 
genesis. These elements (ions and chemical 
compounds) we shall call typomorphic. 


Among the typomorphic elements, ions and 
compounds participating in catagenesis, are 
free oxygen, CO2, H2S, Cl”, SO?, Nat, Ca2+ 
and others. In the author's opinion, the mi- 
gration of typomorphic elements must become 
the basis for the geochemical study and geo- 
chemical classification of catagenetic processes. 


The greatest role in catagenesis is played 
by those elements which migrate actively 
under the given conditions and are capable of 
a certain amount of concentration. For this 
reason, such a sluggish element as titanium, 
for example, has little effect on.the geochem- 
istry of catagenesis, although its clarke is 
high. We may formulate a principle of mobile 
components according to which the geochemical 
characteristics of catagenesis are determined 
by the elements which migrate actively but at 
the same time have a tendency towards accu- 
mulation, i.e., by typomorphic elements. 


Two main groups of typomorphic elements 
may be established. The first group includes 
typomorphic elements and compounds migrat- 


ing in gaseous form: oxygen, carbon dioxide, 
hydrogen sulfide, methane and others. Their 


effect in catagenetic processes is especially 
great and often they determine the geochem- 
ical characteristics of a given type of cata- 
| genesis. The geochemical role of gases was 
first emphasized by V.1. Vernadskiy [1], and 
later his ideas were developed by Ovchinnikov 
_ in his geochemical classification of ground 
waters [4]. The gases particularly affect the 
oxidation-reduction environment in which the 
catagenetic processes take place. 


According to the composition of the gaseous 
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migrants, three principal catagenetic environ- 
ments must be distinguished: 


1. The oxidizing environment. Water con- 
tains free oxygen. Catagenesis takes place 
in an oxidizing environment with all its geo- 
chemical characteristics. The typomorphic 
element is oxygen. 


2. Reducing environment without H2S. The 
waters contain no free oxygen nor other 
strong oxidizers, are rich in CO? and locally 
in methane and other hydrocarbons, but con- 
tain little or no H2S. Under these conditions, 
iron and manganese migrate easily (as Fe2t+ 
and Mn2+). 


According to A.V. Shcherbakov [16], iron 
may migrate in waters containing not more 
than 95 to 105 mg/l H2S, but with higher H2S 
content, all iron is precipitated as sulfides. 
The typomorphic gases are CO2 and, locally, 
hydrocarbons. 


3. The reducing hydrogen sulfide environ- 
ment. The waters do not contain free oxygen 
or other strong oxidizers but are rich in 
hydrogen sulfide and, locally, in methane and 
other hydrocarbons. Under these conditions, 
iron and many other metals do not migrate 
but form difficultly soluble sulfides. The typo- 
morphic compounds are hydrogen sulfide and, 
in part, hydrocarbons.? 


The other group of typomorphic elements 
includes elements and compounds migrating 
in water in true solution or in colloidal sus- 
pension. These are: chlorine, sulfate and 
bicarbonate ions, calcium, magnesium, 
sodium, silicon and others. The water mi- 
grants also have a great effect on catagenesis 
and in many cases determine its character. 


The typomorphic elements migrating in 
water determine to a considerable degree the 
alkaline or acid character of waters and their 
salinity. 


Each geochemical type of catagenesis is 
characterized by a definite combination of 
gaseous and water migrants present together 
in the waters and together affecting the rocks. 


*It should be stressed that the difference between 
the second and third environments is determined not 
only by the value of the oxidation-reduction potential . 
It may have the same value in both, but the presence 
or absence of H,S makes the conditions of migration 
very different. 


8The gaseous migrants can also be carried in 
aqueous solutions as ions or molecules (for example, 
oxygen in Na,SOQ,, carbon in Na,CO3). But it is typi- 
cal of them to migrate in the gaseous state (including 
dissolved gases) while the water migrants seldom or 
never migrate in the gaseous state. 
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On this basis a geochemical classification 

of catagenesis may be built whose principle 
is clear from Table 1. The table shows only 
a few types of catagenesis, but the above 
principles of classification may be used to 
separate other types and to construct a 
more detailed classification of catagenetic 
processes within each type (subtypes, spe- 
cies, etc.). 


The types of catagenesis given in Table 1 
are usually readily identified in geologic sec- 
tions. In most cases they are represented by 
elongated zones (ancient water-bearing hori- 
zons) carrying secondary products of one kind 
or another. Often they are identified by the 
bluish-gray or greenish color against a brown 
or red background, by the presence of hori- 
zons of accumulation of calcite and soluble 
sulfates, by silicification, iron oxide crusts, 
etc. In most cases the ancient water -bearing 
horizons are easily distinguished by their 
structural features (for example a sandy layer 
in clays, etc.). These features have been 
studied little so far, although in many regions 
sedimentary rocks are very strongly altered 
by ground waters. In a number of cases the 
secondary features due to catagenesis have 
been regarded as indicators of special condi- 
tions of sedimentation, either syngenetic or 
diagenetic. 


It is impossible within the scope of this 
paper to characterize all geochemical types 
of catagenesis mentioned above. Below, we 


shall explain them briefly and dwell in detail 
only on types three, five and eight. 


"Sulfuric acid'' catagenesis (type 1) devel- 
ops when rocks containing sulfides or free 
sulfur come in contact with oxygenated ground 
waters. The result is formation of sulfuric 
acid, lowering of the pH of the ground water 
to 3-4 and sometimes to 1-2, intensive mi- 
gration in the waters of many elements which 
are little mobile under other conditions, such 
as Ast, and the deposition of secondary 
minerals (Jarosite, alunite, alums and 
others). These phenomena have been well 
investigated in the regions of sulfide miner- 
alization [11]. 


Acid catagenesis (type 2) is accomplished 
by weakly acid oxygenated waters (pH 4-6) 
containing CO2 and locally organic acids, 
These waters produce less rock alteration 
than do the sulfuric acid solutions, The 
catagenetic processes of this type have been 
studied little as yet. Iron and aluminum show 
little mobility in acid catagenesis. This type 
of catagenesis is characterized by formation 
of clays (especially hydromicas, kaolinite and 
halloysite). In carbonate-free rocks similar 
processes occur under moist climate conditions. 


Acid gley (type 3) and carbonate gley (type 
5) types of catagenesis are separated here for 
the first time. Their extensive development 
was established by the author during a study 
of the redbeds in Middle Asia (C, Cr, Pg, N), 


Table 1 


Some Geochemical Types of Catagenesis 
(Based on Typomorphic Elements, lons and Compounds) 


Typomorphic air migrants 


Alkalinity Typomorphic 
or acidity of water O, CO;, partly CH, H,S (reducing 
environment migrants (oxidizing (reducing environ- environment, 
environment) ment, H,S absent) H.S present) 


Strongly acidic Ht, SO,?-; sometim 


1. Sulfuric acid =- - 


Al*, Fe 
Weakly acidic Hts exgeele acids, 2. Acid 3,. Acid gley a 
es 4. Calcium 5. Carbonate gley 
carbonate 
Neutral and Clr, SO-e 6. Saline 7, Saline-sulfide 
weakly alkaline 
Strongly alkaline | OH-; Na*; HCO,'; 8. Sodium — 9. Sodium carbon- 
SiO, carbonate ate-hydrogen 


sulfide 
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Kazakhstan (Cj, Cr) and on the Russian plat- 
form (Preural'ye, Donbass).‘ In all these 
regions, the now waterless redbeds exhibit 
catagenetic alteration caused by former ground 
water activity. 


The water-bearing horizons were localized 
in the coarser-grained rocks (sands and 
gravels), while the silts and clays served as 
the impermeable beds. Sometimes the aquifers 
were fractured limestones enclosed in clay- 
silt sequences (Figs. 1 and 2). 


The color of the redbeds is due to the 
film of oxides and hydrous oxides of iron on 
individual grains of sand, silt or clay. The 
occurrence of iron in such "films" suggests 
that it easily passes into solution when the 
environment changes from the oxidizing to the 
reducing. 


The migration of iron in a reducing medi- 
um is very characteristic of modern swamps 
in the wet climatic zones of the earth (wet 
tropics, tundra, taiga, etc.). It is known that 
as a result of removal of iron the inorganic 
layers on a swamp bottom acquire a bluish- 
gray or a variegated ocher-bluish-gray color. 
The equivalent modern process has been 
studied in detail and is known as gleying. Our 
investigations show that the gleying is very 
clearly recorded in redbeds and that it had 
the same characteristics as in the modern 
swamps. However, in the redbeds it was con- 
nected not with surface soil processes (forma- 
tion of bogs) but with the presence of ground 


4The catagenetic gley formation occurs in other 
rocks than redbeds (for example, in the Quaternary 
alluvium of Middle Asia and in the Neogene sands of 
Priazov'ye, etc.). 


Z 
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waters in the beds and between them. Accord- 
ing to the geological data, these waters in 
some cases existed several hundred meters 
below the surface. 


The probable mechanism of catagenetic gley 
formation was as follows: The water of the 
water-bearing horizons enclosed in the red- 
beds apparently contained CO2 rather than 
oxygen and was capable of reducing Fe3+, The 
sands, gravels and other water carriers were 
subjected to the process of gley formation, 
and their iron was reduced to Fe2+ and was 
removed as Fe(HCO3)2. As a result, the iron 
content in the ancient aquifers was decreased 
and they acquired the green or bluish-gray 
color (sometimes with occasional ocherous 
spots) which now stands out strikingly against 
the brown, red or yellow background of the 
enclosing rocks. 


The upper and lower horizons of the im- 
permeable rocks (for example, clay) were 
partially wetted by capillary action and were 
also subjected to the gleying process; their 
iron was reduced and migrated into the water- 
bearing layers of sand and beyond. As a re- 
sult, the clays and other impermeable rocks 
at the contact with the water-bearing beds 
were also turned into gley and acquired green, 
purple or bluish-gray color, which extended 
in tongues through the intermediate variegated 
zone into the unaltered red clays and silts. 
Thus, such spotted gley zones one meter and 
more in thickness, frequently found in sedi- 
mentary rocks, are signs of former ground- 
water activity. 


Gley occurs both in carbonate-free 
(acid gley catagenesis") and in carbonate- 
bearing redbeds. In the first case, man- 
ganese, calcium, iron, phosphorus and other 


a RGSS as 
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FIGURE 1. Acid gley catagenesis in Senomanian siltstones of the Zerabulak Mountains. 
Scale: 1:30 
| -- Crimson siltstones; I] -- green siltstones - gley; II| -- gray, locally brownish 
sandstone - an ancient aquifer; IV -- Quaternary deposits; 411, 412 -- sampling points; 


analyses of samples are given in Table 2. 
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elements’ (Table 2) were intensively removed 
from the rock. In the carbonate gley cata- 
genesis, the elements migrated less inten- 
sively, but even so, iron, phosphorus, manga- 
nese and other elements were removed 
(Table 3). Iron and manganese leached out 

of the gley horizons were concentrated locally 
in neighboring areas within the same aquifers 
(Riggg2); 


Gley formation is most intensive in strata 
consisting of thin beds (not over a few meters) 
of claystones and siltstones alternating with 
beds of sandstones and conglomerates. The 
homogeneous thick sequences (hundreds and 
tens of meters) of sandstones, conglomerates 
or claystones usually have weakly developed 
gley or none at all. The phenomena of gley 
development are very characteristic of the 
copper -bearing sandstones which usually occur 
in the redbeds. 


Our investigations have shown that the ore 
in the copper-bearing sandstones of Priural'ye, 
Donbas and Central Asia and in the large 
economic deposit of the U.S.S.R. at Dzhez- 
kazgan are localized in the gley horizons of 


5 Assuming that Al was not removed during the 
process, the relative degree of removal of different 
oxides was computed. The positive values for SO; 
and other oxides indicate that elements were intro- 
duced as well as leached out in the gleying process. 
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the redbeds. It is not quite clear yet what 
role gleying plays in the migration and con- 
centration of copper. The deposits of a 
number of other useful minerals occurring in 
redbeds also are characteristically associated 
with gleying. 


Calcium carbonate catagenesis (type 4) is 
developed in carbonate rocks; the formation 
of karst may serve as an example. Salt 
catagenesis (type 6) and salt-sulfide (type 7) 
catagenesis are due to the action of strongly 
saline waters containing and lacking in oxygen, 
respectively. These processes are especially 
common in dry regions and are characterized 
by the deposition of salts and gypsum in the 
rocks. 


By soda catagenesis (type 8) are understood 
those changes in sedimentary rocks which are 
produced by alkaline groundwaters usually 
having pH over 8 - 8.5, and sometimes 10 
and even 11. The salinity of these waters is 
usually low and does not exceed 1 g/l. Such 
waters form under different conditions in 
nature, as for example in arkose at the ex- 
pense of its weathering products. The neces- 
sary condition is the absence of gypsum from 
the rock, for its presence prevents formation 
of large amounts of soda. 


The characteristic feature of sodium car- 
bonate water is that many elements, even 
those which are little mobile in other media, 
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FIGURE 2. Carbonate gley catagenesis in the early Quaternary deposits of the northern foot- 
hills of the Turkestan Range (7 km southeast of Mt. Ura-Tyube). Scale: 1:50. 
1 -- Loess; 2 -- conglomerate - ancient aquifer; 3 -- sandstone; 4 -- deposition of 
iron; 5 -- deposition of manganese, - 
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become highly mobile in it. This is due, to 
a large extent, to the formation of easily 
soluble carbonate complexes. For example, 
in a soda-rich medium, uranium forms an 
easily soluble complex of the Na4 [(UO2) 
(CO3)3] type and can migrate over long dis- 
tances. the low solubility of the basic copper 
carbonates is responsible for the existence of 
malachite and azurite, but it was shown by 
V.V. Shcherbina and L.I. Ignatova [17] that 
in soda solutions copper forms easily soluble 
complexes similar to those of uranium, 
Analogous complexes are formed in soda-rich 
media by such sluggish elements as zirconium, 
scandium and the yttrium earths (yttrium, 
gadolinium and others). The cerium earths, 
on the other hand, have low mobility in the 
soda-rich media. Beryllium and silver also 
form soluble complexes with sodium carbonate. 
Vanadium and molybdenum migrate readily in 
a sodium carbonate environment and the solu- 
bility of silica increases. Under alkaline con- 
ditions aluminum forms easily soluble sodium 
aluminates and becomes mobile. 


There is, then, a possibility that a con- 
siderable number of elements (U, Cu, Ag, Mo, 
V, Si, Al, Y, Sc, Zr and Be) may be extracted 
from rocks by soda-rich waters, migrate 
together and be precipitated in the areas 
where, for one reason or another, the com- 
position of the water changes. 


The signs of soda catagenesis in sediment- 
ary rocks and ores are, first of all, the 
paragenetic associations of elements in differ - 
ent secondary products (cement in sandstones, 
concretions, etc.). It is clear that not all of 
the above-mentioned elements will be present 
on every occasion, for not all of them are 
likely to be present in suitable form or large 
enough amount in the rocks or in the prove- 
nance area of soda-rich waters. But even if 
only some of these elements are present to- 
gether, soda catagenesis may be suspected 
(for example if uranium, zirconium, vanadium, 
molybdenum and yttrium earths are found to- 
gether). Another indication of soda catagenesis 
is intensive migration of silicon manifested in 
the silicification of the rocks (secondary 
quartz, opal, chalcedony, agatized wood) and 
in the corrosion of quartz grains and feld- 
spars, usually easily detected under the 
microscope. The migration of aluminum and 
silicon together produces aluminosilicates of 
the palygorskite type, which was regarded by 
Fersman as a characteristic catagenetic min- 
eral. The secondary albitization of rocks may 
also be due to this process, as well as the 
formation of brucite, (Mg(OH)2, which is 
precipitated from strongly alkaline solutions. 


All these features of soda catagenesis in 
sedimentary rocks and ores may be estab- 
lished by macroscopic and microscopic study. 
It is possible that the processes of soda 
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catagenesis played an important role in the 
formation of epigenetic ore bodies of a num- 
ber of sedimentary ore deposits. For instance, 
the participation of catagenetic processes in 
the formation of ore bodies in some cuprifer- 
ous sandstones is very probable. 


Each type of catagenesis is characterized 
in the geological section by its typical 'pro- 
file" with a special color and complex of 
secondary minerals. The formation of ore 
deposits (copper, uranium, sulfur, nickel and 
others) is related to many of these processes. 
The ore-bearing strata in such cases are 
alternating beds of different permeability, 
and the ore bodies are localized in the per- 
meable rocks or in the rocks which were 
water -bearing in the past. Such rocks are 
conglomerates, gravels, sands, sandstones 
and jointed limestones. The impermeable 
rocks separating them — clays, massive 
argillaceous limestones and siltstones — are 
usually barren. 


The alternation of permeable and imperme- 
able strata is especially favorable to the for- 
mation of ore deposits if the thickness of each 
kind of strata is not too great, not over a 
few meters or a few tens of meters. Accord- 
ing to the available data, thick sequences of 
permeable rocks, measuring hundreds and 
more meters, are largely unfavorable to the 
formation of ore deposits. The ore bodies in 
sedimentary rocks are usually deposited in 
the zone of sharp change of physico-chemical 
conditions in the water-bearing horizon. Such 
zones appear in the areas where ground 
waters of different composition meet, or in 
areas of abrupt change in lithology. The 
mineralogy of the rocks and ores ofter per- 
mits reconstruction of the character of this 
boundary and reveals the cause of concentra- 
tion of ores. For example, acid or slightly 
alkaline metal-bearing waters may meet 
hydrogen sulfide along their route (or hydro- 
gen sulfide waters, gases containing H2S, or 
decaying organic matter). The metals which 
form insoluble sulfides and some others will 
be precipitated. The presence of epigenetic 
sulfides is a sign that H2S once appeared in 
the water-bearing horizon. 


It would seem that in geological mapping 
and prospecting and in special lithological 
investigations it is necessary now to pay 
attention to the catagenetic phenomena in 
sedimentary strata. 


The reconstruction of the chemical peculiar- 
ities of ground waters of the past geologic 
epochs has a great theoretical and practical 
significance; it explains the process of ore 
formation and may be used in developing new 
prospecting methods. At present paleohydro- 
geology is still relatively undeveloped. In 
most cases we judge of the hydrogeologic and 
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hydrochemical characteristics of the past 
epochs on the basis of indirect evidence (salts 
and gypsum — dry climate and, therefore, 
saline waters; iron ores, bauxite, coal — 
moist climate and waters of low salinity). 
Such indirect data lead only to the most 
general deductions and do not reveal the 
geochemical characteristics of the individual 
water -bearing horizons which existed in the 
past geologic periods. 


By studying the secondary products of the 
ancient aquifers, especially their chemical 
composition, it is possible to reconstruct the 
chemical characteristics of the ground waters 
which flowed through them. Knowing the con- 
ditions of migration and precipitation of the 
elements, it is possible, with greater or less 
accuracy, to reconstruct the physicochemical 
character of the waters in which the elements 
migrated and from which they were precipi- 
tated. Of especial interest is the chemical 
analysis of manganese hydroxides, which have 
high adsorbing capacity and can extract from 
water a number of metals — copper, nickel, 
cobalt, lead, zinc and others. By determining 
the content of these metals in the manganese 
dioxide films, an idea may be obtained of the 
content of these metals in the ancient waters. 
Very probably, a general metallogenetic 
characteristic of a given region can be ob- 
tained in this way. 


It is well known that the hydrochemical 
method of prospecting is of great value in 
locating concealed ore bodies. Unfortunately, 
its use is limited to the existing water -bearing 
horizons and surface drainage. The hydro- 
chemical method in its present form cannot be 
used in regions which are now arid. But very 
likely these regions contained ground waters 
in the past, and these waters must have left 
their traces in the rocks in the form of dif- 
ferent secondary products. By studying the 
chemical composition of these catagenetic 
products it is possible to reconstruct the 
chemical composition of the ancient waters 
and, in effect, make a search for ore. In 
other words, it is probable that in this way 
the ancient dispersion halos once formed by 
ground water around ore bodies may be re- 
constructed and the deposits themselves 
located. 


It is proposed that the method of prospect- 
ing based on the study of the minerals of the 
ancient aquifers be called the paleohydro- 
chemical method. The preceding discussion 
gives only the principles underlying this 
method. 


The areal distribution of catagenetic 
processes may be shown on special maps 
("catagenesis type maps") which should range 
from reconnaissance to large-scale maps. 
The theoretical value of such maps seems 
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unquestionable, They will permit reconstruc- 
tion of the geochemical conditions of past 
geological epochs and, in particular, of the 
characteristics of their ground waters. Inas- 
much as the formation of many economic 
deposits in a number of localities is related 
to a particular type of catagenetic process, 
such maps may be used in prospecting. 


Thus, Fersman's idea, developed almost 
40 years ago, is justified, that catagenesis 
is of great geochemical importance. 


A detailed study of the varied catagenetic 
processes is one of the urgent projects of 
geochemistry. 
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ON THE REGULARITIES OF DISTRIBUTION 
OF MOLYBDENUM AND URANIUM IN MINERALIZED ZONES! 


by 


V.I. Rekharskiy 


In the geologic literature are references to 
the presence of molybdenite in uranium depos- 
its of Shinkolobwe [5], Eldorado [13], British 
Columbia [14] and others. Conversely, pitch- 
blende and uraninite are found in some molyb- 
denite deposits. But, in spite of the associa- 
tion of these minerals, many questions of the 
relationship between them and, especially, of 
their paragenesis, remain incompletely an- 
swered, judging by the data in the literature. 


It is natural, therefore, that on finding 
molybdenite and pitchblende in the same min- 
eralized zones, the author's attention was 
attracted by the relationship between these 
minerals and the pattern of their distribution. 
These problems are the more interesting 
because the elements of these minerals be- 
long to the same subgroup of the periodic 
table and therefore possess many similar 
characteristics. Moreover, tungsten, which 
also belongs to this subgroup, not only forms 
compounds which commonly occur with molyb- 
denum compounds but also forms paragenetic 
associations with them [2]. 


In the course of his study of mineralized 
zones, the author established the existence of 
molybdenite-pitchblende paragenesis and deter- 
mined some of the characteristics of distribu- 
tion of these minerals. 


The mineralized zones referred to are belts 
of hydrothermally altered rocks which in the 
overwhelming majority of cases are localized 
in Paleozoic acid intrusives and extrusives, 
mainly rhyolites, quartz porphyries, felsites, 
quartz syenite porphyries and dacite porphy- 
ries. The mineralized zones are controlled 
by extensive fractures connected by series of 
anastomosing, extremely thin cracks. 


These minute cracks in the mineralized 
zones and the hydrothermally altered enclosing 
rocks contain pyrite, molybdenite, pitchblende, 


1K voprosu o zakonomernostyakh raspredelen'ya 
molibdena i urana vy mineralizovannykh zonakh. 
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calcite, galena, sphalerite, chalcopyrite, 
sericite, quartz, albite, fluorite, barite and, 
very infrequently, other minerals. In intimate 
association with the vein and ore minerals 
are metasomatic minerals among which quartz, 
sericite, albite, carbonate (mainly calcite) 
are very abundant, and chlorite, less so. Of 
the minerals mentioned above, molybdenite 
and pitchblende are most frequently found 
together, forming molybdenite-pitchblende 
veinlets (Fig. 1) or colloform bodies which 
also contain galena, pyrite, sphalerite, 
calcite and other minerals. 


In the bodies of colloidal origin, molybde- 
nite and pitchblende occur as fine-grained or 
colloform aggregates. The molybdenite, as 
a rule, forms bands on pitchblende crusts 
and pods, heals cracks (Fig. 2) and occurs 
also in emulsion blebs or intricately patterned 
bands. Not infrequently, aggregates are found 
in which molybdenite passes gradually into 
pitchblende through a molybdenite + pitchblende 
"mixture" (Fig. 3). These “mixtures” are so 
fine-grained that sometimes the microscope 
fails to resolve the individual components, 
even with the highest magnifications. 


The "mixtures" occur in a great variety 
of forms — as massive bodies, nets, tracer- 
ies, etc. There are also colloform bodies in 
which thin pitchblende bands alternate with 
molybdenite bands and both minerals contain 
minute inclusions of galena (Fig. 4). 


It must be assumed that these formations 
result from coagulation of gels of complex 
composition which during the process of aging 
differentiated into different minerals, each 
with its characteristic structure of micro- 
scopic growth. 


Calcite, albite and galena are most fre- 
quently found in paragenesis with pitchblende; 
and sericite and quartz, with molybdenite. 
Pyrite is found in approximately equal amounts 
in paragenesis with both minerals. Less often, 
sphalerite, chalcopyrite, fluorite, barite and 
chlorite are found in paragenesis with pitch- 
blende and molybdenite. 
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FIGURE 1. Molybdenite-pitchblende veinlet. 
Molybdenite -- white; pitchblende -- 
light-gray; rock -- dark-gray. 


Polished section; plane polarized light 
4OX 


Of the carbonates, calcite is the most fre- 
quent associate of molybdenite and pitchblende, 
and ankerite is seldom seen. White or pink 
calcite forms thin veinlets and, intimately 
intergrown with sericite and quartz, forms 
rims about the ore minerals. Together with 


FIGURE 2. Molybdenite (white) filling 
cracks in a zoned pod of pitchblende (gray). 
Dark gray -- carbonate, 


Polished section; plane polarized light 


85x. 


sericite and quartz, it replaces the dark min- 
erals and oligoclase; and together with albite, 
orthoclase. In the accumulations of calcite, 
there are often reniform inclusions of pitch- 
blende, flakes of molybdenite and grains of 
pyrite and galena. 


> 


Serrated segregations of molyb- 
denite + pitchblende (gray in molybdenite 


FIGURE 3. 
(white). Black -- polishing defects. 


Polished section; plane polarized light 
410X. 


FIGURE 4. Alternation of molybdenite 
(white and pitchblende (gray) bands. 
Black -- polishing defects. 


Polished section; plane polarized light 
106x. 


Pie gem 
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Sericite and quartz replace primary rock- 
forming minerals, form microscopic veins 
and, together with calcite and sometimes 
chlorite, occur as fine-grained aggregates on 
the periphery of ore minerals. These aggre- 
gates contain microscopic grains of molybde- 
nite, pitchblende, pyrite, galena and sphaler- 
ite. 


Checkerboard albite usually replaces ortho- 
clase, less often oligoclase and, as a rule, 
is intergrown with the carbonate in the form 
of irregular aggregates containing ore miner- 
als. Infrequently the aggregates or grains of 
albite and pitchblende are separated by micro- 
scopic bands of carbonate with subordinate 
sericite, quartz and chlorite. In other cases, 
the ore minerals are in direct contact with 
albite grains or occur in them as irregular 
segregations or lie in the cleavage cracks of 
polysynthetically twinned albite. These obser- 
vations indicate, apparently, that the forma- 
tion of checkerboard albite began before the 
deposition of the ore minerals and ended 
during the process. 


Chlorite is found but seldom, and usually 
in the aggregates of sericite, quartz and 
carbonate. 


Pyrite is abundant in veinlets composed of 
pitchblende, molybdenite, galena and other 
minerals, occurs as impregnations in the 
enclosing rocks within the aggregates of seri- 
cite, quartz, carbonate, albite, chlorite, and 
is also often found in microscopic inclusions 


FIGURE 5. 


Concentric shells of galena 
(white) in pitchblende (gray). 


Polished section; plane polarized light. 
106X. 
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in calcite, pitchblende, galena and sphalerite 
and in intimate intergrowths with molybdenite. 


Galena forms monomineralic segregations 
and occurs in intergrowth with pitchblende, 
pyrite, and sphalerite but seldom with molyb- 
denite. Frequently, it fills dehydration cracks 
in reniform pitchblende or occurs on them as 
emulsion blebs or in intricately patterned 
bands (Fig. 5). Microscopic inclusions of 
galena are often found in calcite, 


Two varieties of sphalerite, marmatite and 
cleiophane, occur in the veinlets and in the 
metasomatized rock. Marmatite forms collo- 
form aggregates with minute inclusions of 
pitchblende, galena, pyrite and blegs of 
chalcopyrite (Fig. 6). Cleiophane is usually 
found as small irregular segregations in 
calcite and fluorite accompanied by pods of 
pitchblende and inclusions of molybdenite, 
pyrite and galena. 


Chalcopyrite occurs as emulsion blebs in 
sphalerite or microscopic segregations in the 
dehydration cracks of pitchblende. 


Fluorite and barite are relatively rare. 
Fluorite is violet or dark violet and contains 
pods of pitchblende and irregular segregations 
of molybdenite, pyrite, galena and cleiophane. 
Occasionally, fluorite and calcite fill dehydra- 
tion cracks in the pod-like segregations of 
pitchblende. 


Barite occurs in extremely thin hair-like 


Pitchblende segregations of 
irregular form (light-gray) in sphalerite 


FIGURE 6. 


(dark-gray) . Etched with aqua regia. 
Polished section; plane polarized light. 
106X. 
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veinlets, is pink or milky-white, and is often 
accompanied by calcite. 


The parageneses of these minerals suggest 
that they were precipitated from solution at 
approximately the same time and that their 
formation was closely connected with the 
hydrothermal alteration of the enclosing rocks. 
This is confirmed by changes in the pattern 
of distribution of the minerals with the zonal 
changes in the enclosing rocks. This depend- 
ence is most clearly manifested in the 
molybdenite-pitchblende paragenesis. 


A study of the distribution of molybdenite 
and pitchblende was made in different miner- 
alized zones which satisfied the following con- 
ditions: the mineralization was restricted to 
rocks of the same composition, and ore, vein 
and metasomatic minerals were not weathered. 


The investigation consisted in mineralogical 
and petrographical study of thin and polished 
sections made from samples collected from 
the zones and along traverses made normal 
to the strike of the zones. In addition, the 
material was analyzed chemically and spectro- 
graphically (analysts: O.V. Krutetskaya, 

V.M. Nekrasova and A.S. Dudykina, Institute 
of Geology of Ore Deposits, Petrography, 
Mineralogy and Geochemistry (IGEM), Acad- 
emy of Sciences, U.S.S.R.). It should be 
noted that in some areas of the mineralized 
zones the inclusions of molybdenite and pitch- 
blende were so small that the quantitative 
relationship between them could not be deter- 
mined except by chemical analysis. 


The mineralized zones described in this 
paper are in acid intrusive rocks. The rocks 
are composed of predominant orthoclase, a 
smaller amount of quartz, partly sericitized 
oligoclase, hornblende and pyroxene. These 
fresh, or more precisely, slightly altered 
rocks are found at distances of 5 to 15 meters 
from the mineralized zones. 


The intensity of hydrothermal alteration 
increases towards the zones. At first there 
is a replacement of the colored minerals by 
pyrite, chlorite, sericite and, partly, by 
carbonate and quartz. Then, 2 to 4 meters 
from the zones, metasomatic minerals begin 
to predominate over the primary rock-forming 
minerals. In some areas of the mineralized 
zones, albite and the commonly associated 
calcite are widely developed; in others; seri- 
cite and quartz. Two principal types of hydro- 
thermal alteration may be distinguished: 1) 
albitization and carbonatization, and 2) seri- 
citization and silicification. 


. The results of chemical analyses agree 
entirely with the microscopic observations. 
From the unaltered rocks towards the albitized 
and carbonatized rocks, the Na2O/K 20 ratio 
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increases from 0.5 - 0.7 to 1.0 - 7.0, and 
the potassium content decreases sharply, 
while the sodium content shows either a slight 
increase or a slight decrease,? related to a 
considerable development of albite, especially 
after orthoclase. There is also an increase 

in the CO2/(Si02:100) ratio from 0.9 to 1.3 
in the unaltered rock to 1.5 - 2.5 in the 
altered rock, due to the presence of a con- 
siderable amount of carbonate in the latter. 


The Na2O/K20 ratio decreases from 0.7 - 
0.5 in the unaltered to 0.35 - 0.05 in the 
sericitized and silicified rocks. The content 
of sodium decreases very sharply because of 
intensive development of sericite after oligo- 
clase. 


Depending on the character of alteration of 
the rocks and the distribution of the minerals, 
three kinds of mineralized zones may be 
distinguished. 


The first kind is characterized by extensive 
development of metasomatic checkerboard 
albite and of carbonate in the upper part of 
the zones and of sericite and quartz in the 
lower. In the lower part, oligoclase is inten- 
sively replaced by sericite and, to a less 
extent, by carbonate, quartz and, rarely, by 
chlorite. The orthoclase grains are very 
turbid and their edges are sometimes corroded 
by aggregates of sericite and quartz. Often the 
phenocrysts of quartz, orthoclase, sericitized 
oligoclase and the groundmass of the rock are 
cut by minute fractures filled with fine- 
grained sericite (Fig. 7). This type of sericite 
is also found rather frequently in association 
with ore minerals and sometimes forms bands 
separating ore minerals from phenocrysts of 
the rock-forming minerals partially or com- 
pletely replaced by metasomatic minerals. In 
some areas of thin sections gradual transition 
is observed from coarsely lamellar sericite 
developed metasomatically after the rock- 
forming minerals to sericite in fine scales. 
Evidently, the latter was formed almost 
synchronously but just a little later than the 
coarsely lamellar variety. In what follows 
the finely lamellar sericite will be called 
second generation sericite. 


The Na2O/K20 ratio diminishes sharply 
from 0.7 - 0.5 in unaltered rocks to 0.35 
in the sericitized and silicified areas, the - 
sodium content decreases from 3.1% to 2.6%, 
and the potassium content increases slightly 
from 5.5 to 6.9% in the same direction. 


2 Weight percentages were used in comparing the 
content of the oxides and their ratios because when 
the weight per unit volume of the ore minerals is 
taken into account, the weights per unit volume of 
the altered and unaltered rocks differ very little in 
our case. 
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FIGURE 7. Microscopic veinlets of sericite 
cutting phenocrysts of rock-forming 
minerals and groundmass (fine-grained) . 


Thin section; crossed Nicols. 70X. 


The decrease in sodium content accompanied 
by increase in potassium content may be ex- 
plained by the removal of a part of the sod- 
ium in the replacement of oligoclase by seri- 
| cite and by fixation of potassium in second 
generation sericite. 


In the upper parts of the zones there is a 
noticeable development of sericite and of 
small amounts of carbonate and quartz after 
_oligoclase and an intensive replacement of 
orthoclase by albite and carbonate. The inclu- 
sions of ore minerals are most commonly 
associated here with albite, less frequently 
with sericite, carbonate, quartz and chlorite 
(Fig. 8). 


The difference in the alteration of the 
'rocks in the lower and upper parts of the 
mineralized zones is especially clearly re- 
vealed by petrochemical characteristics (Fig. 
9). In the sericitized and silicified rocks 
Na20/K20 = 0.35 and CO2/(Si02:100) = 1.6, 
while in the albitized and carbonatized rocks 
‘these ratios are 1.1 and 2.2, respectively. 
It is natural that with increase in the COQ: 
SiO9 ratio the content of calcium should also 
‘increase, 


Molybdenite and pitchblende are distributed 
as follows: in the lower parts molybdenite 
definitely predominates over pitchblende and 
in the upper parts the proportions of the two 
minerals are reversed. Chemical analyses 
confirm the geological-mineralogical observa- 
tions (Fig. 9). The graphs of the analyses 


FIGURE 8. Inclusions of pitchblende 
(black in checkerboard albite (banded) . 


Polished thin section; crossed Nicols, 
150X. 


show that the molybdenum content decreases 
from 3n° in the lower parts of the zones to 


0.2n* in the upper, and the uranium content 
increases correspondingly from 2.0n to 3.5n. 


This indicates that the conditions for accu- 
mulation of molybdenum were more favorable 
in the lower parts of the zones which are 
characterized by an intensive sericitization 
of oligoclase, relatively slight alteration of 
orthoclase and the presence of second genera- 
tion sericite, while the upper parts, where 
the most characteristic of the metasomatic 
minerals are albite and carbonate, favored 
concentration of uranium. 


The second kind of mineralized zone re- 
sembles the first kind in many structural 
features and in the character of alteration of 
the enclosing rocks. Its main distinguishing 
features are considerably stronger silicifica- 
tion and sericitization of the primary rock- 
forming minerals and, as a rule, the absence 
of fine-grained second generation sericite. In 
the zones of the second kind, sericite and 
quartz completely replace oligoclase pheno- 
crysts and quartz-sericite aggregates are 
strongly developed in the groundmass. The 
form of these aggregates suggests orthoclase 
crystals, orthoclase relicts are occasionally 
observed, and the quartz phenocrysts are 
recrystallized. Often the entire rock is an 


3n is an arbitrary index. 
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FIGURE 9. Variation curves of petrochemical characteristics and content 


of molybdenum (Mo) and uranium (U) in the lower (A) and upper (B) 
parts of mineralized zones of the first kind, 


aggregate of sericite and fine-grained quartz 
with segregations of ore minerals, small 
patches of carbonate and occasional ghosts of 
quartz phenocrysts represented by recrystal- 
lized quartz. The amount of quartz reaches 
40 to 50% and of sericite, 50 to 70%. 


The decrease in the Na2O/K20 ratio from 
017 to 0.5 in the fresh rocks to 0.005 in the 
altered ones is much sharper than in the 
zones of the first kind, and the same is true 
of the decrease in sodium content from 3. 4 
to 0.15 and of potassium from 6.0 to 1.9%. 
The latter change is explained by intensive 
replacement of oligoclase by sericite and the 
replacement of orthoclase phenocrysts by 
quartz-sericite aggregates with partial removal 
of potassium according to the reaction: 


3KAISi,O, + H,O +CO, — 


KAI,Si,O,, (OH), + 6SiO, +K,CO, 


In the upper parts of the mineralized zones 
and several meters above the place where they 
wedge out in the metasomatized rock, ortho- 
clase is replaced by albite, and carbonate is 
present. The oligoclase phenocrysts are re- 
placed by sericite and in part by carbonate 
and quartz. The microscope shows that pitch- 
blende most frequently occurs in the upper 
parts of the zones and molybdenite in the 
intermediate and, less frequently, in the 
lower and upper parts. 


These observations are confirmed by 
chemical analyses, which show that in passing 
from the sericitized and silicified rocks to the 
albitized and carbonatized rocks, the Mo/U 
ratio increases in the transitional zone and 
then rapidly decreases. 


To check this, a number of areas in the 
zones of the second kind, in which the tran- 
sition from the sericitized and silicified rock 
to albitized and carbonatized was well exposed, 
were studied in detail. A description of one 
of the more typical areas is given below. 


It was established by a detailed study of 
thin sections from this area that samples 1, 
2, and 3 are characterized by an intensive 
replacement of oligoclase by sericite and slight 
replacement by carbonate and quartz and also 
by development of quartz-sericite aggregates. 
In a few thin sections relicts of strongly 
kaolinized orthoclase were found. 


Upwards along the zone, in the altered 
rocks (spp. 4, 5, 6, 7, 8, and 9), there is’ 
a noticeable increase in carbonate and 
especially in albite. In some areas, checker- 
board albite constitutes up to 60-80% of 
the total volume of the rock, and in such 
cases almost entirely replaces the pheno- 
crysts. Evidently albite completely replaces 
orthoclase and oligoclase. Albite occasion- 
ally develops along the periphery of re- 
crystallized quartz grains. Besides albite 
and carbonate, fine-grained sericite and sec- 
ondary quartz are found. 
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Variation curves of petrochemical characteristics and content of 


molybdenum (Mo) and uranium (U) in passing from the lower sericitized and silicified 
areas to albitized and carbonatized areas in the zones of the second kind. 


In the upper parts of these areas (spp. 10 
and 11), where the intensity of rock alteration 
is considerably less, the orthoclase is only 
occasionally replaced by checkerboard albite, 
and oligoclase by sericite, carbonate and 
sometimes quartz and chlorite. 


Molybdenite and pitchblende in these areas 
are found as included grains and microscopic 
segregations in the aggregates of sericite, 
quartz, carbonate, less commonly, chlorite, 
.and also in the clusters of albite and carbon- 
ate grains. 


The relationship between petrochemical 
characteristics and the content of molybdenum 
and uranium is illustrated by graphs (Fig. 10) 
constructed on the basis of chemical analyses. 
They show that the highest molybdenum con- 
tent (1.5n to 3.5n) is found in those areas 
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of the mineralized zones in which the Na2O/ 
K20 and CO2/(Si02:100) ratios increase from 
0.2 to 1.1 and 0.4 to 1.5, respectively. The 
values 0.2 and 0.5 for these ratios are char- 
acteristic of the sericitized and silicified 
rocks and the values 1.1 - 7.0 and 1.5, of 
the albitized and carbonatized rocks. These 
areas, therefore, are transitional between the 
sericitized and silicified and the albitized and 
carbonatized rocks. 


Upwards in the zone in the interval where 
the Na2O/K20 ratio varies from 2.0 to 7.0 
and the CO2/(Si02:100) ratio, from 1.5 to 
2.5, the molybdenum content decreases to 
1.0 - 0.1n and the uranium content increases 
to 3 - 8n. Although the peaks of the curves 
representing these ratios and of the curves of 
uranium content do not coincide, nevertheless 
the localization of the high uranium content in 
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in the areas with the higher Na2O/K2O and 
CO2(Si02:100) ratios and the higher Na con- 
tent is evident. 


Where the mineralized zones wedge out 
there is a considerable decrease in the Na2O/ 
K20 ratio, a slight decrease in the CO2/SiO2: 
100) ratio, and a sharp decrease in uranium 
content. However, just as in the areas of 
intensive albitization and carbonatization, the 
uranium content remains higher than the 
molybdenum content. 


That the uranium content increases and the 
molybdenum content decreases with increase 
in the Na2O/K2O ratio was confirmed by study 
of the mineralized zones of the third kind. 


In zones of the third kind the general 
character of alteration is similar in the upper 
and lower parts. Orthoclase is replaced by 
checkerboard albite, and carbonate occurs in 
subordinate amounts. Sericite and carbonate, 
and occasionally quartz, replace oligoclase, 
and in the upper parts of the zones albite 
joins these minerals. It was found that albite 
is more common in the upper than in the 
lower parts, while carbonate, sericite and 
quartz are approximately equally developed 
in both. 


The chemical analyses (Fig. 11) shows that 


the Na2O/K2O ratio increases upwards from 
1.0 to 1.4, due, as has already been men- 
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tioned, to a greater development of albite in 
the upper part of the zones as compared with 
the lower. There is no noticeable variation 
in the CO2/(SiO2:100) ratio. 


As the Na20/K20 ratio increases, the 
content of molybdenum decreases from 0.7n 
to 0.5n, and that of uranium increases, from 
0.6n to 4.5n; in other words, there is a 
sharp decrease in the Mo/U ratio. 


All this indicates that, as the process of 
albitization becomes more intensive, condi- 
tions for accumulation of uranium become 
more favorable. 


Thus, our observations show, first, that 
molybdenum is concentrated in the sericitized 
and silicified areas in which second generation 
sericite develops simultaneously with the meta- 
somatic sericite replacing oligoclase and, sec- 
ond, that molybdenum accumulates in the zone 
of transition from the sericitized and silicified 
rocks to the albitized and carbonatized rocks, 
or, in other words, to the lower parts of the 
areas of albitized and carbonatized rocks 
where checkerboard albite replacing orthoclase 
is found. 


As for uranium, its highest content is 
localized mainly in the areas of intensive 
albitization and carbonatization. The regular 
increase in uranium content from the lower 
parts of the zones to a certain maximum, 


*7- arbitrary index 


Variation curves of petrochemical characteristics and molybdenum (Mo) 


and uranium (U) content in the lower (A) and upper (B) parts of mineralized 
zones of the third kind. 
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followed by a decrease, reflects the optimum 
conditions for the deposition of uranium oxides 
from hydrothermal solutions. 


A brief discussion of the chemistry of the 
processes responsible for the mineralized 
zones and for the distribution of the minerals 
in them is given below. 


The common occurrence in the parageneses 
with the ore minerals of vein and metasomatic 
calcite, checkerboard albite, and two genera- 
tions of sericite suggests that the solutions 
contained carbonic acid and a certain concen- 
tration of sodium and potassium ions. The 
presence of the sulfides in these parageneses 
and occasional appearance of fluorite indicate 
that the solutions contained sulfur ions and a 
small amount of fluorine. 


It is known [5] that in alkaline solutions, 
molybdenum forms easily soluble salts of 
molybdic acid. In the presence of sulfur in 
the solutions (of hydrogen sulfide or its solu- 
tions) the oxygen in the anion of molybdic 
acid will be replaced by sulfur and thio salts 
will form. This will not make any noticeable 
change in the solubility of the molybdenum 
compounds. One of the products of decomposi- 
tion of the thio salts is MoS3, which, on 
losing one atom of sulfur, changes into the 
practically insoluble sulfide, molybdenite — 
MoS2. The molybdenum compounds and com- 
plexes in which it occurs in lower oxidation 
states have been little studied. 


The presence of tungsten in molybdenite is 
easily explained, for, belonging to the same 
subgroup of the periodic table, these two ele- 
ments have similar properties and form salts 
soluble under similar conditions. The explana- 
tion of the presence of rhenium in molybdenite 
must also be sought in its position in the 
periodic table. 


It is well known that in Mendeleev's table 
[6] the basicity of the elements decreases 
from the first group to the last (excluding the 
noble gases) and increases within each sub- 
group with the atomic weight of the element; 
therefore, in many cases, the elements lying 
along the diagonals may form salts with simi- 
lar properties. This is the reason why molyb- 
denum and rhenium form salts soluble under 
similar conditions. An example of this is the 
existence of rhenium, potassium and sodium 
thio salts similar to those of molybdenum 
| which, upon decomposition and removal of a 

part of the sulfur, yield rhenium sulfide. It 
may be assumed, then, that rhenium enters 
into the molybdenite lattice, not only because 
it has an ionic radius similar to that of 
molybdenum, but also because it can enter 
| into it in the form of finely dispersed rhenium 
sulfide which cannot be detected at the highest 
optical magnifications. 
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Uranium is probably carried in these solu- 
tions in complex compounds. These compounds 
may be similar to those known in chemistry 
in which uranium enters into complex carbon- 
ate, fluocarbonate and other anions. The salts 
with these complex anions, especially those 
of sodium and potassium, are relatively easily 
soluble and decompose with separation of 
metal oxides and carbonic acid. 


The presence in the pitchblende of traces 
of scandium, zirconium, thorium and niobium 
is explained by the fact that these elements 
migrated under the same conditions as uran- 
ium, in carbonate and fluocarbonate complexes 
containing alkali metals. 


Iron, lead, zinc and copper, which occur 
in pyrite, galena, sphalerite and chalcopyrite, 
respectively, might have been present in the 
solutions as complex compounds. It is possible 
that silver, tin, arsenic, antimony and bis- 
muth, occurring in traces in different miner - 
als [1, 8, 9, 10, 12], also were present in 
this form. 


Calcium and barium, considering their 
basicity and the solubility of their compounds, 
might have been present in the solutions as 
simple cations. 


The presence of the same minerals in the 
mineralized zones suggests that the solutions 
responsible for the mineralization contained 
the same ions. However, judging by the sharp 
differences in the proportion of these minerals 
in the zones, and the character of alteration 
of the wall rocks, the concentration of these 
ions in the hydrothermal solutions varied and 
was substantially different from their concen- 
tration in the pore solutions of the enclosing 
rocks. These circumstances, together with 
the change in pressure and temperature, as 
the solutions moved upward in the fractured 
zones, played a decisive role in varying the 
character of wall rock alteration and the 
distribution of elements in the mineralized 
zones [3, 4]. As was pointed out at the begin- 
ning of the paper, these regularities are 
particularly clear in the case of molybdenum 
and uranium. 


The position of molybdenum and uranium 
in the periodic table indicates that they have 
amphoteric properties, and uranium, an ele- 
ment with a larger number of electronic shells 
than molybdenum, is the more basic of the 
two. This means that, in an alkaline solution, 
all other conditions being equal, the acid- 
forming properties of molybdenum will be 
stronger than those of uranium. 


The strongest bases in the solutions under 
consideration were the alkali metals, espe- 
cially potassium, as is indicated by the higher 
negative value of its electrode potential 
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-2.9 v) as compared with that of sodium 
-2.7 V). 

Without discussing in detail the character - 
istics of the complex compounds of other ele- 
ments occurring in the mineralized zones, we 
shall note that, depending on the solubility 
and the strength of the anions of these com- 
pounds, their behavior in solution was similar 
to that of the molybdenum or uranium com- 
pounds, 


Bearing all this in mind, the intensive 
sericitization of oligoclase and the formation 
of the second generation sericite may be 
explained like this. The hydrothermal solutions 
probably had a rather high concentration of 
the molybdic acid radical and contained potas- 
sium among the other ions. Rising through 
the fracture zone, they reacted with the pore 
solutions in the rocks. Naturally, in the pore 
solutions, especially in the more acid rocks, 
silica predominated over the ions of the pore 
elements. In the reaction between the hydro- 
thermal and pore solutions, potassium reacted 
with silica and was partially removed; i.e., 
conditions favorable for sericitization of oligo- 
clase were created. A part of potassium could 
have reacted with the aluminum and silicon 
salts to form second generation sericite. 


The fixation of potassium caused destruction 
of molybdenum compounds and precipitation of 
molybdenum sulfides. The enrichment of the 
solutions in sulfur favored deposition of the 
pyrite abundant in the parageneses with molyb- 
denum and also of small amounts of galena, 
sphalerite and other sulfides. The reaction 
was probably like this [11]: 


K,MoS, +FeO + H,O — MoS, + FeS, + 2KOH. 


It should be mentioned that the decomposi- 
tion of molybdenum thio salts, accompanied by 
the reduction of Mo6t+ to Mo4t, must have 
contributed to the solutions, not only the sul- 
fide ion, but also the sulfate ion and neutral 
sulfur. The presence of barite is a direct 
proof of the presence in the solutions of the 
sulfate ion. 


All these changes in the hydrothermal solu- 
tions and the decrease in pressure with their 
rise in the fractured zones caused further 
precipitation of molybdenum sulfides and the 
destruction of uranium complexes. 


The decomposition of the sodium uranium 
carbonates, together with the coagulation of 
the uranium oxides, increased the concentra - 
tion of sodium in the solutions. Moreover, 
with the destruction of the complexes of other 
metals, and in particular of iron and molyb- 
denum, the solutions became enriched in 
hydrogen sulfide, sulfate and hydrogen halides. 
The increased content of strong acid radicals 
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in the solutions caused the removal of alkali 
metals, especially of potassium, and created 
favorable conditions for the replacement of 
potassium by sodium in the feldspars and, in 
particular, for the development of metasomatic 
checkerboard albite at the expense of ortho- 
clase. It is possible that reactions of the 
following type also took place: 


2KAISi,O, + 2NaOH + Ca(HCN) — 
2NaAlSi,O, + CaCO, + 2H,O + K,CO,. 


Such reactions would explain to some extent 
the observed paragenesis of albite and calcite 
in the replacements of orthoclase. In those 
areas where the concentration of the reactive 
sodium was high, the checkerboard albite 
replaced oligoclase as well [7]. 


Calcium and barium ions also reacted with 
the carbonate, sulfate and hydrogen halide 
ions, forming calcite, occasional fluorite and 
barite, which are practically insoluble under 
the given conditions. The soluble salts of 
calcium, sodium and potassium were removed. 


As has already been mentioned, these 
processes were accompanied by the precipita- 
tion of sulfides, among which pyrite and 
galena were the most abundant. Synchronously 
with the deposition of molybdenum sulfides, 
uranium oxides and other minerals, the trace 
elements occurring in these minerals were 
also precipitated. 


The formation of the quartz-sericite aggre- 
gates in the lower parts of the zones of the 
second kind, and the rather intensive removal 
of many elements and especially of the alkalis 
and alkaline earths, were due, apparently, to - 
the fact that in the initial stages of alteration 
the hydrothermal solutions were poorer in 
these metals than the pore solutions. 


The change in pressure also played a cer- 
tain role. The decrease in pressure in the 
fractured zones caused the destruction of a 
number of complex compounds, including those 
of uranium, and the coagulation of uranium 
oxides and different sulfides. 


As,.the hydrothermal solutions rose in the 
fractured zones, further decomposition of the 
complex uranium salts occurred, increasing 
the amount of uranium oxides as compared 
with molybdenum sulfides. Paralleling these 
processes in the upper parts of the mineral- 
ized zones, as has already been explained in 
the description of zones of the first kind, the 
feldspars were albitized and ore and vein 
minerals were deposited. 


The development of albite throughout the 
mineralized zones of the third kind. may evi- 
dently be ascribed to the relatively high 
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concentration of sodium ions in the solutions 
at the time they entered the fractured zones. 
Evidently there was a sharp pressure decrease 
and this caused an intensive destruction of the 
complex compounds in the initial stages of 
mineral deposition. All this aided in the de- 
velopment of the processes of alteration and 
mineral deposition analogous to those already 
described for the areas of albitized rock in 
the upper parts of the mineralized zones of 
the first and second kinds. 


The hydrothermal solutions as described 
here are undoubtedly far simpler than the 
complex natural solutions, yet apparently 
resemble them in a general way. This is con- 
firmed by the fact that hypothetical solutions 
are such that all the essential and trace ele- 
ments of the minerals in the mineralized 
zones could have migrated in them and by the 
fact that the chemistry of the processes re- 
sponsible for wall rock alteration and mineral 
deposition as outlined here reveals a connec- 
tion among these processes and explains the 
distribution of the minerals in the zones. To 
do this in all possible detail for molybdenum 
and uranium was the object of this paper. 
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THE ORIGIN OF THE ARCHEAN IRON ORES 
OF SOUTH YAKUTIYA! 


D.P. Serdyuchenko 


One of the important geological events of 
the last decade was the discovery and detailed 
study of the iron basin in the Archean meta- 
morphics of South Yakutiya. The ancient 
schists, derived from sediments which contain 
the magnetite deposits, lie in the zone of later 
granitic intrusions associated with extensive 
migmatization. The iron ores of South Yaku- 
tiya are locally accompanied by boron (sili- 
cates and borates) or rare earth minerals, 
by deposits of phlogopite and other useful 
minerals and are of great scientific interest. 


The principal geologic characteristics of 
the South Yakutian Archean iron deposits are 
given below: 


a) The magnetite ores are associated with 
a metasedimentary complex composed of bio- 
tite-garnet, biotite-graphite and cordierite 
gneisses, dolomitic marbles and calciphyres, 
pyroxene-amphibole-plagioclase and pyroxene- 
amphibole-scapolite schists and gneisses, and 
various quartzitic gneisses and quartzites in- 
cluding hematite, sillimanite, sillimanite- 
tourmaline, tourmaline and other varieties. 


b) The ores are restricted to a definite 
stratigraphic horizon — the Archean Fedorov- 
skaya formation of the Iyengra series of the 
Aldan shield. The productive horizon extends 
for many tens of kilometers along the strike. 
In depth, down dip, the ores have already 
been traced for almost one kilometer without 
showing any signs of wedging out. In a num- 
ber of cases the iron ores occur in the cores 
of synclines. 


c) After the deposition of ore, faults, frac- 
ture zones and granitic intrusions cut through 
the rocks of the Fedorovskaya formation and 
through the overlying Timpton and Dzheltula 
series, 


d) There are concordant and often zoned 
skarn-like bodies produced by reaction meta- 


1Proiskhozhdeniye arkheyskikh zheleznykh rud 
yuzhnoy yakutii. 
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somatism between metasediments of different 
composition. Granitic intrusions and their 
derivatives, and hydrothermal activity, have 
also contributed to local skarn formation and 
to the development of metasomatic Zonation 
concordantly superimposed upon the paraschist 
series (including the ore-bearing beds). The 
differences in the composition of the para- 
schists mainly reflect the original differences 
in composition of the parent sedimentary 
rocks rather than a secondary metasomatic 
zonation developed on the carbonate and sili- 
cate rocks. 


e) The iron ores and the associated boron- 
bearing rocks, tourmaline gneisses and 
schists, are concordant with the enclosing 
paraschists and, together with them, partici- 
pate in the folded structures, interbedding 
repeatedly with’ the barren beds and layers of 
different composition, themselves containing 
various gangue minerals characteristic of the 
enclosing beds. 


f) The ore minerals (magnetite and the 
less abundant hematite), the boron minerals 
(ludwigite, ascharite, tourmaline), and almost 
all other minerals from the rocks of the pro- 
ductive horizon (spinel, phlogopite, chondro- 
dite-clinohumite, scapolites, pyroxenes, am- 
phiboles and others) are represented by 
several generations reflecting the different 
stages and conditions of formation and altera- 
tion of the rocks (regional metamorphism of 
ancient sediments, reaction and infiltration 
metasomatic phenomena, later hydrothermal 
fracture filling, etc.). 


g) The ores are usually finely or coarsely 
banded, equigranular or with microscopic 
spots, frequently microfoliated (Figs. 1, 2, 3, 
4, 5) and structurally and texturally similar 
to the majority of Precambrian metasediment- 
ary ores. 


It is natural that the Archean iron ore 
deposits of South Yakutiya, of a type and 
mineralogical composition previously unknown 
in the U.S.S.R., should have attracted much 
attention. Their origin, in particular, has 
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been a subject of investigation, for it is well 
known that such investigations have consider- 
able practical importance in the prognosis of 
new deposits, direction of prospecting and 
exploration, and evaluation of reserves, of 
the reliability of deposits, etc. 


Of course, the basis for the correct solu- 
tion of genetic problems must be a thorough 
and objective gathering of geological data, 
first on this particular ore-bearing region, 
then on other ancient iron-bearing provinces. 


However, in his article, "The genesis of 
the South Yakutian iron ore deposits," L.I. 
Shabynin [30], while declaring his desire "to 
correct a number of serious inaccuracies in 
the description of these deposits (South Yaku- 
tian D.C.) which have, unfortunately, appeared 
in some of the published works," gave such 
an incorrect description of the main geolog- 
ical features of the South Yakutian iron basin 
that his paper, instead of bringing the reader 
into the actual geological setting of the area, 
removes him from it. 


Banded (foliated) magnetite- 
serpentine-phlogopite ore. 


FIGURE 1. 


Sp. G-434/56; Tayezhnoye deposit; actual 
size. Phlogopite forms anchimonomineralic 
bands (light). 
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The detailed drilling in the Fedorovskaya 
formation of the Taezhno-Legliyerskiy ore 
belt shows that the magnetite ores of the 
productive horizon are conformably overlain 
by a series of sillimanite, cordierite-silli- 
manite, tourmaline-sillimanite and tourmaline 
quartzites and gneissoid quartzites which pre- 
serves in its upper part conformable beds of 
hematite quartzites (at the Gematitovoe de- 
posit). The Fedorovskaya formation is under- 
lain by the Nemnyr formation, which on the 
Malyi Nemnyr River and elsewhere contains 
biotite-magnetite and biotite-magnetite-silli- 
manite-cordierite, pyroxene-amphibole- 
plagioclase gneisses and schists). Further 
down in the section is the Verkhnealdansk 
formation characterized by the predominance 
of various quartzites containing groups of 
beds and individual beds of coarse-grained 
magnetite quartzites and even finely laminated 
quartz-magnetite hornfelses ("jaspilites"). It 
is remarkable that the magnetite quartzites 
pass gradually (on the Iyengra, Malyi Nemnyr, 
Amedichi and other rivers) into magnetite- 
quartz-hornblende and magnetite-hornblende 


FIGURE 2. Banded phlogopite-serpent ine- 


magnetite ore. 


Sp. C-275/52; Tayezhnoye deposit; 
polished section; magnetite -- light 
gray; actual size. 
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FIGURE 3. Thinly banded magnetite-scapolite-diopside ore 
with several generations of sulfides. 


Sp. P-72/56, Pionerskoye deposit; polished section; actual size. 


FIGURE 4, Plagioclase-diopside-hornblende 
rock with magnetite, quartz and biotite 
alternating in thin bands with scapolite- 

plagioclase rock (light). 

Polished section; actual size; sp. 138/56. 

Pionerskoye deposit, 
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FIGURE 5. Thinly banded magnetite-diopside- 
amphibole ore with allanite. 


Sp. P-7/256. Pionerskoye deposit; polished 
section; actual size. 
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schists, either massive and equigranular or 
with irregular and octahedral magnetite por- 
phyroblasts or alternating thin bands of 
quartz, hornblende and magnetite. These 
schists lie conformably on biotite-garnet 
gneisses, sillimanite and graphite schists and 
quartzites [3, 12, 31]. 


Thus, there are within the lyengra series 
three ore-bearing zones: the middle magnetite- 
silicate zone, the upper hematite-quartz zone, 
and the lower magnetite- (or hematite-) zone. 
The magnetite and hematite quartzites so 
characteristic of the world's Precambrian 
formations are quite correctly regarded by all 
geologists as metamorphosed sedimentary 
rocks. D.S. Korzhinskiy [6] believes that the 
magnetite quartzites of South Yakutiya are 
also of this origin. It is natural to conclude 
that, during the time of deposition of the 
ancient sediments of the lyengra series in 
the Aldan region, iron was accumulated 
repeatedly in different facies. After a period 
of metamorphism and granitic injections these 
accumulations acquired the composition which 
they now have, i.e., magnetite-silicate rocks 
and ores in the middle zone and magnetite or 
hematite quartzites in the lower and upper 
zones. The contact-metasomatic hypothesis 
of the origin of iron ores of the productive 
horizon assumes, for no convincing geological 
reason, that the magnetite-silicate ores, in 
contradistinction (!?) to the overlying and 
underlying groups of metasedimentary magne- 
tite gneisses, magnetite-quartz amphibolites 
and magnetite and hematite quartzites, re- 
ceived their iron from a granitic magma. 
This magma, however, proved to be com- 
pletely barren in relation to the overlying 
Timpton and Dzheltula series, which, like 
the productive horizon, contain beds of dolo- 
mite and calciphyre and are intruded and 
migmatized by the same granites. The con- 
cept of seiective enrichment in iron (and 
boron), affecting the productive horizon of 
the Fedorovskaya formation only, appears 
quite incomprehensible and has no basis in 
light of the magmatic theory of ore deposition. 


In discussing the age of the iron ores of 
South Yakutiya, L.I. Shabynin [30] also dis- 
tinguishes three ore-bearing zones, but in an 
entirely different way. His zones are: a) the 
Fedorovskaya formation of the Archean 
lyengra series, which contains all the princi- 
pal economic deposits (Nerichi and Dess, 
Sivagli, Pionerskoye and Komsomol'skoye, 
Tayezhnoye, Magnitovoye, Legliyerskoye and 
the Tinskiye deposits); b) the Archean Dzhel- 
tula series (upper), to which he assigns, 
referring to the unpublished data of M.A. 
Litsarev,2 the Emeldzhak group of magnetite 


2It is interesting to note in this connection that in a 
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and phlogopite deposits; and c) the central 
Aldan deposits localized in the contact of 
Mesozoic syenite porphyries with Cambrian 
dolomites. 


Disregarding for the moment the Central 
Aldan group of deposits belonging to the upper 
structural level, we must recall [17, 18] that 
the iron ore and micaceous rocks of the 
Tayezhnoye, Legliyerskoye and Emel'dzhak 
deposits are exactly of the same type and 
hence can be correlated and referred to the 
same stratigraphic (productive) horizon of 
the Fedorovskaya formation. Although the 
Archean rocks have a general monoclinal 
plunge (cf. [4]) to the northeast, the outcrop- 
pings of productive beds in the region of the 
Emel'dzhak River were produced by erosion 
of the northwest trending anticlinal folds 
whose cores contain the productive beds of 
the Fedorovskaya formation. 


This point of view was fully confirmed by 
the recent (1956-1958) mapping by the geolo- 
gists of the South Yakutian Complex Expedition 
of the Ministry of Geology U.S.S.R. [13], 
which showed unequivocally that the Emel'- 
dzhak ore deposits (like the rest of the 
Archean deposits of this type) lie in the pro- 
ductive zone of the Fedorovskaya formation 
and that Shabynin's data on which he bases 
his assignment of the Emel'dzhak ores to the 
Dzheltula series are erroneous. 


In discussing the relationship between the 
ores and granites in the South Yakutian de- 
posits, Shabynin ([30], p. 46) declares that 
"No one ever found granitic injections in the 
apodolomitic, in part essentially olivine 
(serpentine), skarns and ores." This assertion 
does not correspond to reality. 


In the northeastern and southeastern areas 
of the syncline, at the Taezhnoye deposit, the 
ore-bearing beds (including those containing 
forsterite, chondrodite and serpentine) are so 
thoroughly injected with granitic material and 
migmatized in the east that they appear in 
their original state only as interrupted bands 
and separate large and small remnants 
(xenoliths) of ore bodies and country rock in 
a body of granite. The intrusion of granites 
into the ore-bearing strata caused formation 
of skarn (andradite, aegirine-augite and 
others) and local transfer of large amounts 
of iron, calcium and magnesium into the 


recently published work, M.A. Litsarev [10] assigns 
the ore-bearing Emel'dzhak complex to the Dzheltula 
series on the basis of a ''private communication"! 
from L,I. Shabynin, who finds outward resemblance 
between the andradite-wollastonite rocks in the region 
of Emel'dzhak and the andradite wollastonite rocks 

of the Timpton River, which he refers to the Dzheltula 
formation. 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


enclosing gneisses and schists with the forma- 
tion along their foliation planes and in the 
joints ahead of the front of migmatization of 
irregular metasomatic ore bodies composed 
essentially of magnetite, diopside, blue-green 
hornblende and phlogopite and containing 
occasional relicts of the replaced gneisses 
and schists. 


At the Legliherskoe deposit (near the 
source of the Legliyer River), pink granite 
not only intrudes the ore-bearing beds but 
surrounds whole areas of the enclosing .diop- 
side-plagioclase gneisses, together with 
magnetite-phlogopite and magnetite-hornblende 
ores, and these xenoliths retain their banding 
and foliation. Near the contact with rich ore, 
the granite contains pods and bands of mag- 
netite (fused and recrystallized) which parallel 
the strike of the ore-bearing beds, and also 
small inclusions of magnetite-hornblende 
aggregate. 


At the Sivagli deposit, where pink granite 
intrudes the magnetite ores of the southern 
area (ore body III), the thickness of the ore 
diminishes sharply (from 30 to 12 m); i.e., 
it is "swallowed" by granite and at the con- 
tact with granite magnetite is recrystallized 
into larger grains ranging from 5 to 7 mm 
in diameter, while the granite itself is irreg- 
ularly (but locally abundantly) enriched in 
subrounded irregular or flattened grains and 
aggregates of magnetite and in small inclu- 
sions of magnetite obviously extracted from 
the enclosing rocks. The magnetite rapidly 
disappears from the granite with increasing 
distance from the intruded rocks. 


In the northern part of the same deposit 
(Sivagli, holes 30, 86 and others), as a re- 
sult of numerous intrusions of granite, the 
ore-bearing beds have been changed to fine- 
grained andradite-epidote-magnetite or andra- 
dite-actinolite-magnetite skarn formed at the 
expense of hornblende and diopside-hornblende 
rocks. Near these areas (hole 57-C and 
others), in the zone of intensively migmatized 
gneisses, there are small aggregates of mag- 
netite or zones of pyroxene-amphibole and 
pyroxene-magnetite rocks. They lie concord- 
antly with the foliation of the gneisses, fill 
fractures and occur as veins and tubular 
bodies obviously replacing the gneisses. The 
phenomenon of iron-magnesium-calcium meta- 
somatism here and at the Tayezhnoe deposit 
is related to the transfer of material from 
the nearby pyroxene-amphibole-magnetite ores. 


On the Nerichi River, in the southern part 
of exploratory trench No. 12, among horn- 
blende and biotite gneisses and paraschists 
(locally injected with granite) there are rather 
thick and concordant banded and schistose 
beds of diopside-magnetite ores and rocks. In 
the cleaned parts of the trench it can be seen 
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quite clearly that over large areas the ore- 
bearing beds are cut obliquely, across the 
schistosity, by pink medium- and coarse- 
grained granites. The magnetite zone is pene- 
trated by tongues and anastomosing veins of 
granite forming a network of irregularly 
alternating areas of ore and granite. Blocks 
of ore and country rock occur in granite as 
partly assimilated xenoliths. 


In the southern part of the Pionerskoye 
deposit, where the bedded structure of the 
ore-bearing rocks is very well preserved, 
the ore body thins out sharply in the zone 
of granitic intrusions (it is "swallowed" by 
granite). Here also (hole 57-P and others) 
the cores (from V.A. Paylov's collection) 
show clearly concordant and transgressive 
injections of thin veinlets of pink granite 
into the dark-gray diopside-magnetite ore. 


These facts show that Shabynin's assertions 
are unfounded. In order to support the con- 
tact-metasomatic hypothesis which he accepts, 
he tries to show that no ore bodies existed 
before the intrusion of granites, that the 
granites were intruded into barren rocks and 
enriched them metasomatically in iron derived 
from the granite magma and its pneumatolytic 
and hydrothermal derivatives. 


Referring to the data on the Pionerskoye 
(hole 57-P) and Sivagli (holes 38-C and 40C) 
deposits, V.A. Pervago, L.M. Minkin and 
V.F. Kozlov, geologists of the South Yakutian 
Expedition (1957),. also point out the incorrect- 
ness of Shabynin's assertion that there are no 
granitic intrusions in the ore bodies and the 
enclosing rocks and stress the fact that gran- 
ites were intruded into already existing ore 
bodies. 


Quite incorrect and contradictory to the 
facts is Shabynin's thesis ([30], p. 50) that 
there is "a clear-cut relationship between 
structural elements and mineralization."’ He 
considers the Pionerskoye deposit as the best 
illustration of this. According to him, "It 
lies in the zone of considerable pre-ore defor- 
mation. Here magnetite replaces strongly 
brecciated near-skarn diopside-scapolite 
rocks, The ore mineral is absent from the 
fragments, . The attempts to interpret 
the ores of the Pionerskoye deposit as having 
sedimentary-metamorphic origin [17, 18] must 
be considered groundless. " So writes 
Shabynin, but actually there is no genetic 
relationship between mineralization and the 
fracture zones in the Pionerskoye or any 
other deposit. The samples of breccia from 
the Pionerskoye deposit in our possession 
(Fig. 6) contain numerous fragments of typical 
magnetite ore, diopside-hornblende-scapolite 
rock and migmatite; i.e., the tectonic move- 
ments here came after the deposition of the 
ore, and both the ore and the country rock 


FIGURE 7. 
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FIGURE 6. Post-ore tectonic breccia 
with large and small fragments of 
Magnetite-diopside ore cemented 
by calcite and dolomite. 


Pionerskoye deposit; actual size. 


Simplified lithologic sections of the 
iron deposits of South Yakutiya. 


Upper Jurassic syenite porphyries; 

Cambrian dolomites and dolomitized limestones; 

alaskites, granite pegmatites and pegmatites; 

migmatites; 

biotite (commonly with graphite), biotite- 
hornblende and hornblende (locally with 
diopside) paragneisses and paraschists, 
frequently granitized; 

pyroxene-scapolite-garnet skarns; 

recrystallized (pegmatoidal) and locally 
metasomatized biotite, biotite-hornblende 
and hornblende (with diopside) gneisses 
and schists; 

sillimanite (locally with tourmaline) quartz- 
ites, gneissoid quartzites and gneisses; 

diopside, diopside-phlogopite, diopside- 
phlogopite-hornblende rocks (locally with 
tourmaline, serendibite, spinel and mag- 
netite), phlogopite rocks and serpentin- 
ites; 

diopside-scapolite schists (locally with an 
amphibole) ; 

diopside-scapolite schists; 

tourmaline-diopside-plagioclase schists and 
tourmaline rocks; 

magnetite-silicate ores (with forsterite, 
diopside, and serpentine; serpentine and 
phlogopite; hornblende and scapolite); 

Magnetite ores with chondrodite or clinohum- 
ite, serpentine, pyrrhotite and other 
minerals; 

calciphyres and dolomitic marbles; 


= e -- sections from different boreholes. 
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were brecciated. Shabynin missed this very 
important point and in his description drew 
geological conclusions which are as broad as 
they are fallacious. Pervago, Minkin, Kozlov 
and others also point out the post-ore nature 
of deformation and refute Shabynin's opinion. 


Further, the same author believes that an 
important argument in favor of the contact- 
metasomatic origin of the South Yakutian 
Archean deposits is their "well developed" 
metasomatic Zoning. 


Numerous sections (Fig. 7) constructed on 
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Es) eee 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


the basis of cores from the drillholes show 
that the complex frequent alternation of layers, 
beds and groups of beds differing in mineral- 
ogy does not fit any definite "metasomatic 
column" such as is usually observed in many 
deposits at contacts between dolomites and 
granite. Between the dolomites (calciphyres) 
and the aluminosilicate rocks (gneisses) there 
are frequently forsterite-diopside, phlogopite, 
pyroxene-amphibole, scapolite-diopside and 
other rocks whose sequence and repetition are 
quite unlike metasomatic zoning and must be 
interpreted as banding of sedimentary-meta- 
morphic origin complicated by reaction meta- 
somatic zones formed between dolomitic, 
magnesium -silicate, magnesium-lime-silicate 
and aluminosilicate rocks. In many cases 
biotite-graphite paragneisses interbed repeat- 
edly with diopside-amphibole-phlogopite 
schists, diopside-plagioclase-tourmaline 
schists, and magnetite ores locally containing 
admixtures of magnesium-iron-calcium sili- 
cates or magnesium-iron borates. 


It has been known for a long time that 
metamorphism of siliceous dolomites produces 
almost monomineralic diopside rocks and that 
metamorphism of dolomites containing silica 
and alumina yields augite-hornblende gneisses. 


On the Aldan, besides the scapolite devel- 
oped after plagioclase, there occurs also a 
metamorphic scapolite syngenetic with the 
other essential minerals of the schists, i.e., 
diopside, hornblende, plagioclase and quartz. 
In the region of the Pionerskoye, Sivagli and 
Tinskiye deposits such scapolite schists are 
widespread and interbed repeatedly with calci- 
phyres, paragneisses and iron ores [19, 20, 
21], just as they do in other ancient meta- 
sedimentary complexes [8, 16]. The metamor- 
phic origin of scapolite and of scapolite rocks 
(from sedimentary rocks) in the Aldan region 
was noted by Korzhinskiy [6, 7], who, like 
V.K. Kotul'skiy [8], explains the formation 
of scapolite in the schists, instead of plagio- 
clase, by the high content (excess) of CaCO3 
in the parent rocks. In the productive beds of 
South Yakutiya among the scapolite-plagioclase 
schists (containing also diopside, hornblende, 
magnetite and sometimes quartz), thin granitic 
injections cut the grains of plagioclase, scapo- 
lite and other minerals. 


Evidently, in order to explain the genesis 
of scapolite rocks, it is not always necessary 
to bring in the concepts of metasomatism and 
magma, as is done by Shabynin. His state- 
‘ment that scapolite rocks occupy a strictly 
determined position in the cross-sections of 
ore-bearing strata, is incorrect. 


While the thickness of the ore-bearing and 
barren beds of the productive zone is meas- 
urable in meters and tens of meters, the 
thickness of the reaction-metasomatic zones 
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is only a few centimeters, rarely a few tens 
of centimeters. 


Unfortunately, Shabynin failed to notice that 
the actual relationship among the rocks of the 
productive zone reflects clearly the facies 
changes caused by the difference in the com- 
position of the parent sedimentary rocks, 
rather than metasomatic changes. Through 
the entire length of the Tayezhno-Tinskoye 
(Legliyerskoye) and Sivgali-Déssa ore belts, 
one may observe a gradual enrichment of the 
calciphyres in forsterite, diopside, plagioclase, 
phlogopite or magnetite occurring as dissemi- 
nated grains or in layers. In a number of 
cases the calciphyres, either vertically or 
along the strike, pass into diopside-plagio- 
clase schists, magnetite-diopside ore, biotite 
paragneiss, etc. 


Ignoring or greatly underestimating the 
geological relationships which clearly reflect 
the stratification of the ancient metasediments 
and the facies changes within them, Shabynin 
uses in his work an extremely arbitrary and 
confusing. terminology according to which the 
Archean ore-bearing strata of the Aldan 
region consist almost entirely of “skarns"” or 
“near-skarn rocks" which he regards, without 
adequate evidence, as the products of essen- 
tially postmagmatic metasomatism accompanied 
by the addition of Fe, Mg, Si and other ele- 
ments from the granites. 


In reality, as was shown above, these 
granites were intruded into an already exist- 
ing ore-bearing sequence which contained 
magnetite-diopside, magnetite-scapolite, 
magnetite-amphibole-plagioclase and other 
rocks, and merely caused further recrystal- 
lization and local metasomatic transfer of 
materials, resulting in the formation of nearly 
monomineralic magnetite, diopside and scapo- 
lite veinlets. The skarns, formed as the 
direct effect of granitic intrusions, are usu- 
ally rocks with large and even gigantic crys- 
tals of andradite, pyroxene, hornblende, 
scapolite, actinolite, phlogopite, magnetite 
and other minerals in various combinations. 
These rocks were formed as a result of con- 
siderable addition (transfer) of material from 
magma and must be distinguished from the 
"skarnoids,"' which are by far more abundant 
in the ore-bearing strata and were formed in 
the Aldan region (as in Central Sweden) by 
recrystallization of sedimentary rocks con- 
taining Ca-Mg carbonates, iron, fluorine, 
phosphorus, boron and other elements under 
conditions of regional metamorphism without 
any contributions from magma. 


The phlogopite deposits occurring in the 
same region in the fractures and fracture 
zones are genetically and spatially related to 
granitic derivatives and were formed by the 
introduction of potassium from the magma 
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(potassium metasomatism), a truly hydrother- 
mal metasomatic process. 


The intensive metamorphism and the con- 
siderable heating of pore solutions and ground 
waters caused by it (pseudohydrothermal 
solutions") and the later effect of granitic 
intrusions on the metamorphosed beds resulted 
in the attainment of equilibrium among the 
minerals and mineral assemblages and the 
appearance of reaction metasomatism zones 
between rocks differing in composition. All 
this naturally led to the formation in these 
rocks and zones of definite mineral para- 
geneses. These phenomena, however, resulted 
from physicochemical ordering of the sedi- 
mentary and metasedimentary materials and 
cannot be used as an argument in favor of 
“contact-metasomatic" genesis of magnetite 
or boron mineralization. 


It has been known for a long time that the 
laws of mineral formation and the mineral 
parageneses in intensively metamorphosed 
rocks are similar to those in igneous rocks 
and become identical in palingenesis. For 
this reason, paragenetic analysis of mineral 
assemblages cannot help us solve the problem 
of the origin of Archean iron ores or the 
boron minerals of the Aldan region, to tell 
us whether iron and boron are of sedimentary 
or igneous origin. In this case, the geological 
setting and the relations among the rocks are 
of prime importance for the solution of the 
problem. As was shown above, the granites 
are younger than the ores and could not have 
been the source of iron and boron. The bar- 
renness of the granite was noted by N.G. 
Sudovikov [27]. We cannot, however, agree 
with his opinion that iron was brought up from 
great depths, from the region of extensive 
migmatization of the ancient metasedimentary 
rocks, for our observations indicate a direct 
spatial connection between magnetite-diopside- 
hornblende metasomatites and the beds of iron 
ore in the metasedimentary strata. 


We showed elsewhere [20] that the meta- 
morphism of argillaceous-arenaceous, calcar- 
eous, calcareous-ferruginous and carbonate 
rocks containing a considerable amount of 
boron of sedimentary origin (chemically pre- 
cipitated, adsorbed) would produce various 
boron-bearing metasedimentary rocks corre- 
sponding to different metasedimentary facies. 
Naturally, metamorphism and the accompanying 
metasomatism took place under conditions of 
mobility and high concentration of boron, but 
magma was not its primary source, and those 
who adhere to this idea have no convincing 
arguments in its favor. The presence of 
tourmaline-bearing metasedimentaries sug- 
gested that borates may occyr in some of their 
facies in our region, and a study of the dis- 
tribution of boron in the ore-bearing strata of 
South Yakutiya was conducted in 1953-1954 
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(see [18], p. 75, ed. note). The relationship 
between the tourmaline-bearing rocks and the 
discovered borate beds is that between differ- 
ent facies of the metasedimentary complex 
and not hydrothermal-magmatic. 


In his study of the genesis of the ore, 
Shabynin assigns the determining role to meta- 
somatism, and quite erroneously regards the 
epigenetic relation of magnetite to many sili- 
cate minerals as a sign that it was introduced 
by the granitic magma. He forgets that mag- 
netite (like many other ore minerals, such as 
copper, iron, lead and zinc sulfides) is more 
mobile and susceptible to recrystallization 
under conditions of repeated metamorphism 
and migmatization than the silicates and alumi- 
nosilicates. It is the mobility of magnetite that 
was responsible for the formation of trans- 
gressive magnetite veinlets, the penetration 
of magnetite "whiskers" between the grains 
of the silicates and into their cracks, and 
for the replacement of diopside, hornblende, 
scapolite, phlogopite and serpentine by it. 
Such mobility of magnetite is not peculiar to 
the Aldan region; it was described by N.A. 
Eliseev [5] from the ancient metasedimentary 
iron ores of the Kola Peninsula, in which he 
distinguished four generations of magnetite. 

Or considerable interest in this connection is 
the perfectly correct view of a number of 
scientists (Schneiderhéhn, Shatskiy and others) 
that it is necessary to discriminate super- 
imposed (secondary) phenomena of recrystalli- 
zation and metasomatism from the primary 
genetic characteristics. In determining the 
origin of ore deposits, the purely mineralog- 
ical and geochemical proofs of eipgenetic 
origin of ore minerals may be accepted only 
if the general geological conditions do not 
contradict them. 


Detailed studies and careful examination of 
the geometric relationship of minerals in thin 
sections made it possible to establish that in 
the ore-bearing strata of the Tayezhnoye and 
Magnetitovoye deposits there is abundant 
tourmaline of metasedimentary origin synge- 
netic with the other minerals of the schists, 
and also tourmaline of later generations, 
which sometimes resembles the first genera- 
tion tourmaline but more often is quite differ- 
ent from it in appearance and optical proper - 
ties. This later tourmaline replaces feldspars, 
phlogopite, scapolite, pyroxene, hornblende, 
first generation tourmaline, serendibite and 
other minerals. In places it occurs in thin 
transgressive veinlets, or together with quartz 
forms pods of coarse-grained aggregate 
(Fig. 9) replacing the material of fine-grained 
and thinly banded tourmaline paragneisses. 


In some cases the superimposed alterations 
which occurred after the time of the main 
(regional) metamorphism can be readily traced. 
This is illustrated by the diopside-andesite- 
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FIGURE 8. 
paragneiss (with diopside and plagioclase) with 
thin, locally transgressive veinlets and pods 
of quartz and feldspar (light). 


Fine-grained, banded tourmaline 


Sp. G-371/55; Tayezhnoye deposit; actual size. 


tourmaline, diopside-tourmaline, hornblende- 
tourmaline, diopside-phlogopite-tourmaline and 
epidote-muscovite-tourmaline schists from the 
iron-bearing beds of the Tayezhnoye and Mag- 
netitovoye deposits [21]. Microscopic examina- 
tion of these rocks shows definitely that the 
original metamorphic rock was diopside tour- 
maline or diopside-plagioclase-tourmaline 
schist in which diopside was replaced (gradu- 
ally) by hornblende, phlogopite, epidote and 
muscovite, and plagioclase by scapolite, phlo- 
gopite, epidote and muscovite. However, in all 
cases the tourmaline (schorl) syngenetic with 
diopside and plagioclase remained unaltered 
among the secondary minerals (formed after 
diopside and plagioclase) or only partially 
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resorbed along the edges. 


This account indicates that in separating 
the superimposed processes we were quite 
justified by the factual data in not "touching 
the tourmaline," to use our critic's words, 
but in considering it as one of the metasedi- 
mentary minerals. 


The layers and pods of tourmalinized rock 
subordinate to the near-ore schists and 
gneisses of the productive iron-bearing beds 
are traceable with interruptions, like links of 
a chain connected by thin channels, for hun- 
dreds of meters in the similar rock com- 
plexes of the Tayeznoye, Magnetitovoye and 
Tinskoye deposits, while tourmaline-bearing 
quartzites conformable with the enclosing 
rocks and ore bodies stretch for tens of 
kilometers along the Amedichi River. Our ore 
deposits are comparable, therefore, to the 
metasedimentary deposits of Malyy Khingan, 
Krivoy Rog and the Kursk magnetic anomaly, 
in which the lower, more strongly metamor- 
phosed beds contain magnetite gneisses, pyrox- 
ene-hornblende and other silicate-magnetite 
ores, while the Proterozoic beds near the ore 
bodies contain chlorite-tourmaline, amphibole- 
tourmaline and carbonaceous -argillaceous 
tourmaline paraschists. 3 


In his discussion of the origin of the 
tourmaline-bearing rocks, Shabynin [30] com- 
plains that ""D.P. Serdyuchenko enters into a 
peculiar debate with the authors of the works 
cited by him. The arguments of the authors 
(and even factual data) are pronounced uncon- 
vincing and exactly the opposite speculative 
conclusions are substituted for them.'' Shabynin 
takes under his "protection" (without presenting 
any arguments) works whose authors certainly 
do not need it, as for example, V.A. Sobo- 
lev's work on Karsakpay [25] and the papers 
by G.D. Afanas'yev [1], A.P. Lebedev [9] and 
others on Malyy Khingan. However, every 
investigator has the right to criticise published 
material. Needless to say, it is clearly stated 
in all of the present writer's works that the 
idea of the sedimentary-metamorphic origin of 
tourmaline in paraschists and paragneisses is 
his own and is not cited from somebody else's 
work, 


This includes the works of foreign scientists 
on the iron and iron-boron ores of Central 
Sweden, iron ores of Northern Sweden and the 
northeastern states of America. All these mag- 
netite ores lie conformably in the enclosing 
paraschists and paragneisses and exhibit iron 


3 Typical paraschists with large prisms of tourma-~ 
line containing inclusions of kyanite, garnet, stauro- 
lite, acicular sillimanite and flakes of muscovite have 
been recently described from Northern Scotland [32]. 


D.P. SERDYUCHENKO 


FIGURE 9, 


Coarse-grained quartz-tourmaline rock formed by recrystal lization 


of foliated fine-grained tourmaline quartzites. 


Tayexhnoye deposit, Turmalinovaya Gorka; actual size. 


metasomatism (as in the Aldan region) which 

has no genetic connection with the later gran- 
ites or characteristic localization in fault or 

fracture zones. 


The same conclusion was drawn by P.N. 
Chirvinskiy [29] and A.E. Tornebom and, 
more recently, by the experts on Swedish 
deposits, Geijer and Magnusson [34], who 
retained the magmatic hypothesis only for the 
magnetite-borate areas of Norberg and Ling- 
ban, although, even there, it cannot withstand 
the geochemical investigations of Landergren 
[35, 36]. He showed (partly by the K:Na, RB:K, 
Fe:Co:Ni, Mg:Fe, V:Ti, Li:Mg, Mg:Ca ratios 
and other coefficients) that the iron ores bear 
a clear geochemical relationship to the enclos- 
ing metasedimentary rocks and not to the ig- 
neous rocks intruded into them. It is known 
from modern geochemical investigations [2, 
26, 33, 35] that boron is concentrated in 
evaporating sea water by adsorption of sus- 
pended clay particles, and for this reason, 
even in salt deposits, it occurs in clay part- 
ings and clayey insoluble residues. But in 
addition, boron is easily precipitated from sea 
water with iron, magnesium and manganese 
compounds. 


The desire of some authors to imbue "mag- 
nesian skarns” with a special meaning and an 
intimate genetic relationship with granites is 
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quite arbitrary, because these ''skarns'" were 
formed from impure magnesium carbonate sedi- 
ments (like the metasedimentary magnesites of 
Bakal-Satka, Angara, Malyy Khingan, Man- 
churia), especially since the granites, as is well 
known, do not contain much magnesium. At 
Norberg, lenses of unaltered or little altered 
limestones and dolomites and associated iron 
ores lie conformably with the argillaceous- 
calcareous (partly volcanic) flysch-like rocks 
(leptites, hilleflintas) 2.6 km distant from 

the granite (along a line transverse to the 
strike). Nearer to the granites the carbonate 
rocks and ore lenses are changed into skarns. 
Some of these lenses are 'magnesian skarns” 
(with forsterite, clinohumite, chondrodite) 

and contain borates (ludwigite, ascharite, 
fluoborite). Their occurrence and paragenesis 
are in complete accord with the above men- 
tioned conditions of coprecipitation of magnes- 
ite or dolomite (with siliceous and argiilaceous 
admixtures) with iron and boron in sedimentary 
deposits [31]. The South Yakutian magnetite 
deposits have the same paragenesis and origin. 
Here, together with the chemically deposited 
dolomite (sometimes with admixed fluorite), 
impure magnesite, magnesium, borates, 
magnesium-iron borates and iron ores were 
precipitated in ancient (relict?) basins. In the 
zone of carbonate and ferruginous sediments, 
after prolonged and repeated metamorphism 
and metasomatism the now existing cornplex 
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of magnetite~ and borate-bearing rocks was 
formed often spatially related to dolomites. 
The borates are represented by ascharite, 
aluminum-iron ascharite, magnesio-ludwigite, 
ferroludwigite and sometimes kotoite, war- 
wickite, or fluoborite. The mobility of the 
ludwigites and ascharites and their capacity 
for recrystallization (as in the case of mag- 
netite) are shown by their occurrence in 
several generations, and by the fact that 
during metasomatism they were locally trans- 
ported and often replace round and irregular 
patches of carbonate among the silicates and 
the silicates themselves (phlogopite, chondro- 
dite). During metamorphism the initial con- 
centrations of boron contributed to the forma- 
tion of tourmaline-bearing rocks in the zone 
of siliceous clays containing iron and magnes- 
ium and to the formation of dumortierite- 
sillimanite quartzites, in the zone of siliceous 
clays [23, 24]. 


Unfortunately, Shabynin barred himself 
from drawing conclusions so well substantiated 
by the geochemical data and the actual geo- 
logical setting by accepting the contact-meta- 
somatic hypothesis in which metasomatism is 
erroneously taken as an indicator of the mag- 
matic origin of the iron ore and the borates 
in localized areas of the earth's crust rather 
than as a mechanism of local transference of 
these materials and of mineral transformations 
in the ancient sedimentary cycle. 


In the Aldan region the magnetite ores and 
borates are often, but not-always, spatially 
related to dolomite. But even this relationship 
does not prove that the carbonate rocks were 
the precipitants or iron and boron from mag- 
matic (hydrothermal) solutions. The spatial 
association and the local metasomatic relation- 
ship between the calcyphyres and ores could 
have been inherited from the original sedi- 
mentary rocks in which the phenomenon of 
cold water metasomatism is well known. This 
phenomenon is illustrated by the basal part of 
the Jurassic limonites overlying Devonian lime- 
stones in the Tula and Lipetsk regions [14] or 
by the lower beds of the iron-chromium-nickel 
sedimentary ores of the Malkino deposit of 
Northern Caucasus lying on weathered serpen- 
tinites, etc. 


Evidently, the iron ores associated with 
dolomites and magnesian calc-silicate rocks 
in Southern Yakutiya, Central Sweden and the 
northeastern states of the U.S.A. (excluding 
oolitic hematite-chamosite-siderite ores and 
ferruginous quartzites) are a distinctive type 
of ancient metasedimentary deposit. They 
were formed by chemical deposition of iron 
on calcareous oozes or on carbonate rocks. 
In the Archean ores of this type, the iron- 
bearing rocks are a part of the ancient sedi- 
mentary formations, which include beds en- 
riched in silica and alumina, beds containing 
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borates, lenses of impure dolomites, etc. 

In the course of time, these formations were 
subjected to repeated metamorphism and 
igneous intrusions which caused recrystalliza- 
tion, local shifting of the ore material and 
metasomatism. 


Unlike the Archean metasedimentary depos- 
its, the small magnetite ore bodies of the 
central Aldan region in South Yakutiya (with 
andradite, pyroxene, phlogopite, clinohumite, 
hornblende, tremolite) occurring in the con- 
tacts of Cambrian dolomites with Upper Juras- 
sic granite porphyry and syenite porphyry 
laccoliths and dikes are actually contact meta- 
somatics [23]. They are restricted to narrow 
zones (up to a few meters) along the contact 
between the igneous rock and the enclosing 
carbonate beds. Tongues and veinlets of mag- 
netite sometimes penetrate into the joints and 
between the carbonaté beds, but usually for a 
few meters only, rarely for a few tens of 
meters [17]. Apart from this magnetite min- 
eralization directly related to igneous bodies, 
the Cambrian dolomites are not mineralized. 
Moreover, although there are numerous sye- 
nite porphyry dikes, magnetite mineralization 
is not common and occurs, apparently, only 
in those cases where the underlying Archean 
sedimentary beds contain or contained meta- 
sedimentary concentrations of iron. Thus the 
magnetite was partly transported by the 
syenite-porphyry intrusions cutting through 
the Archean and Cambrian rocks and, under 
favorable conditions, redeposited by infiltration 
metasomatism (in the Cambrian dolomites) in 
the higher structural level, 
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NEW DATA ON THE GRANITOIDS OF THE MAIN RANGE 


IN THE NORTHWESTERN CAUCASUS! 
by 


—V.V. Sviridov — 


From 1955 to 1958 the author studied 
granitoid massifs of the Main Range in the 
basin of the upper tributaries of the Urushten, 
Sinyaya and Imeretenka rivers (village of 
Chelepsoy) and in the upper reaches of the 
Kisha River (Fig. 1). Outcrops of granitoids 
were discovered on the Dzitaku, Pereval'naya 
and Pseashkha mountains, and large massifs 
of diorite and gabbro gneiss in the upper 
waters of the Kisha and Laura rivers. 


Brief accounts of the petrography of these 
areas may be found in the published papers by 
I. Ya. Baranov [2, 3], L.A. Vardanyants [5] and 
A.G. Kobileyv [7]. It was pointed out in a 
monograph on the granitoids of the northwest- 
ern Caucasus by G.D. Afanas'yevy [1] that the 
region to the west of the upper waters of the 
Malaya Laba River has been little studied and 
that the information about it is fragmentary. 


The results of investigations reported in 
the present paper fill the gap in our knowl- 
edge of granitoids from one of the interesting 
regions of Northern Caucasus. 


MAIN FEATURES 
OF THE GEOLOGICAL SETTING 
OF THE GRANITOIDS 


The Main Range has anticlinal structure. 
In the investigated region the axis of the anti- 
cline plunges to the northeast, and as a re- 
sult, in the basin of the Sinyaya River, the 
granitoids of the core of the anticline are 
unconformably overlain by Liassic arenaceous- 
argillaceous beds containing from eight to ten 
meters of basal conglomerate. 


We shall describe a granitoid body which 
will be called the Verkhne-Urushtenskiy mas- 
sif. In the northwest and south it has a nor- 
mal stratigraphic contact with the Lias; in the 


1 Novyye dannyye o granitoidakh glavnogo khrebta na 
severo-zapadnom kavkaze. 
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north, an intrusive contact with schists; and in 
the east it passes into the Hercynian Malaya 
Laba granitic massif studied by Afanas'yev. 


To the south of the Verkhne-Urushtenskiy 
massif in the watershed zone of the Main 
Range (Pereval'naya subzone), among Jurassic 
rocks, there is a belt of metamorphosed 
Lower Carboniferous sedimentary beds from 
five to seven kilometers wide and trending in 
the general direction of the Caucasus from 
northwest to southeast. 


The Lower Carboniferous rock complex is 
represented by phyllites, subordinate quartz- 
ites, conglomerates, metamorphosed lime- 
stones and cherts. 


The contacts between the Liassic shales 
and the Lower Carboniferous phyllites are 
mainly tectonic and are difficult to trace in 
the field because the argillaceous rocks of 
both systems are very similar in appearance 
and have the same attitude with the dips to 
the northeast ranging from 15° to 40°, 35° to 
40° and 70° to 80°. In this subzone, ancient 
granitoid gneisses and quartz-amphibole 
gneisses containing gabbro-diorite relicts have 
been brought up by faults to the level of the 
Lower Carboniferous strata. The metamor- 
phosed igneous rocks, especially the Lower 
Carboniferous strata, often contain sills and 
thin dikes of andesine- or labradorite-horn- 
blende spessartite. 


Occasionally dikes of hornblendite and 
albitophyre almost indistinguishable from the 
spessartites are found. In the Liassic zone 
of the Main Range to the north of the Verkhne- 
Urushtenskiy massif, diabase dikes similar in 
composition to the spessartite dikes are oc- 
casionally encountered. To the south of the 
Pereval'naya subzone (on the southern slope 
of the Main Range) the Lower Jurassic rocks 
are frequently intruded by steeply dipping dia- 
base sills, but of an entirely different compo- 
sition. None of these hypabyssal rocks is 
found in the Verkhne-Urushtinskiy massif or 
in the microcline granite of the Pereval'naya 
subzone, 
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In the uppermost reaches of the Kisha 
River a tectonic granite block was noted 
long ago by V. N. Robinson and V. A. 
Mel'nikov and referred by them to the 
granites of the Main Range. The writer 
also found a rather large block of gneiss 
in this region containing apparently two or 
three granite dikes with an area of 0.2 to 
0.3 square kilometers each. The foliation 
in the contact gneissoid granites and the 
enclosing gneisses coincide in a general 
way with the attitude of the Lower Car- 
boniferous phyllites. The same is true of 
the gneissoid granitoids outcropping on 
the Pereval'naya, Dzitaku and Pseashkha 
mountains. 
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PETROGRAPHIC DESCRIPTION 
OF THE PEREVAL'NAYA SUBZONE 
GRANITES 


1. Granitoids of the Kisha River 


The granitoids include leucocratic and 
two-mica plagiogranites and pegmatoidal gran- 
ites. The latter occur as small veins in the 
former. 


The leucocratic and two-mica plagiogranites 
are gray, noticeably crushed medium-grained 
rocks very similar to each other in composi- 
tion and texture. The microscope shows a 
cataclastic texture with areas of intensive 
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FIGURE 1. 


Index map of the western part of the Main Range of the Caucasus. 


Numbers on the map indicate newly found granitoid outcrops. 


Most of the outcropping granitoids are 
lens-like tectonic blocks, probably conform- 
able with the enclosing Lower Carboniferous 
rocks. Immediate contacts of the granitoids 
with the Lower Carboniferous rocks were 
found only on the Pereval'naya, Dzitaku 
and Pseashkha mountains (under Kholodnyy 
glacier). Inasmuch as these contacts have 
characteristic features, a description of the 
Lower Carboniferous contact rocks is given 
below. On Mt. Dzitaku, microcline granite 
is in intrusive contact with small-pebble 
conglomerate; on Mt. Pereval'naya, the con- 
tact between the granitoids and the phyllites 
is tectonic; and on Mt. Pseashkha, the 
conglomerates lie unconformably on the 
leucocratic granites. 
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fragmentation and recrystallization of the 
component minerals. The granites are mas- 
sive and gneissoid. The essential minerals 
are plagioclase (albite-oligoclase), quartz, 
and biotite, and in the two-mica granites, 
muscovite. The secondary minerals are seri- 
cite, calcite, light-green chlorite (Oennine), 
epidote and vein quartz. The accessory min- 
erals are prismatic apatite, brownish sphene, 
idiomorphic crystals of zircon and grains of 
magnetite. 


The pegmatoidal granites contain muscovite 
crystals three to five centimeters in diameter 
in a medium-grained groundmass. 


The modes of the Kisha River granitoids 
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Table 1 


Mineralogical Composition of Granitoids and Gneisses 


Kisha River Mt. Pereval'naya 
Minerals plagiogranites pegma- | plagiogranites fone 
—|  toidal ap oe tonalite 
4 iorite 
1 ratic two-mica' BranneS |melanocr. | two- 
So biotite mica 
sp. sp. sp. sp. 
sp. 2020 | sp. 2022] sp. 185 sp. 948 1603-a |1608-al1605-g| 1654-v 

Plagioclase 64,9 Dae 59,8 29,6 41,0 
Potash-soda 

feldspar Ue: = — =o = 
Quartz Dog 4 40,3 299 45,3 Sled 
Biotite igh 1,9 — ieee 

10,3 

Muscovite = = VAS 5 al — 
Amphibole — = —= = pas 
Secondary Minerals 2,7 26 — — —_ 
Accessory and ore 3 

minerals — = 0, 
Total 100,0 | 100,0 | 100,0 100,0 100,0 


Note: 


Comma represents decimal point. 


as well as of the rocks from the newly dis- 
covered outcrops are presented in Table 1. 


2. The Granitoids 
of the Northern Slope of Mt. Pereval'naya 
and the Southern Slope of Mt. Dzitaku 


On Mt. Pereval'naya there are outcrops of 
melanocratic biotite granites, two-mica gran- 
ites, metamorphosed plagiogranites and grano- 
diorites and tonalites. The plagiogranites 
occur in the eastern part of the massif, while 
their metamorphosed equivalents and grano- 
diorites and tonalites occur in the western 
part. 


The melanocratic biotite plagiogranites are 
dark-gray medium-grained strongly gneissoid 
rocks. The microscope reveals hypidiomorphic 
cataclastic texture. The essential minerals 
are plagioclase (albite-oligoclase), quartz and 
biotite, the accessories are zircon, rutile 
and rounded grains of apatite and magnetite. 


The two-mica plagiogranites and conspic- 


uous among other rocks by their freshness, 
light-gray color and weak foliation. The 
microscope shows the same textural relations 
as in the rocks described above but with less 
cataclasis, The essential minerals are plagio- 
clase (albite), quartz, biotite, muscovite, and 
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occasional grains of microcline. The acces- 
sories include zircon and numerous magnetite 
grains. 


Crushed crystals of microcline microperth- 
ite with poorly developed grid structure are 
occasionally seen. The microcline contains 
relict grains of plagioclase-quartz myrmekite. 


The metamorphosed plagiogranites are gray 
massive or foliated rocks. The microscope 
shows strongly cataclastic, gneissoid, almost 
schistose structure. The deformed plagioclase 
tablets are slightly sericitized albite containing 
calcite in the fractures. Biotite is completely 
altered into a fine scaly aggregate, and to- 
gether with fine-grained quartz resorbs the 
plagioclase. Hornblende occurs occasionally 
in clusters of small (about 0.1 mm) acicular 
or rod-like crystals; it is pleochroic, with 
y = light-green and a = pale green; cry = 
13-15°. The accessory minerals are zircon 
and magnetite as in the plagiogranites. 


The texture of the banded foliated plagio- 
granites (metagneisses) is heterogranoblastic. 


Among the melanocratic biotite plagiogran- 
ites there are outcrops of dark-green amphib- 
olites which represent relicts of diorite or 
gabbro gneisses. Under the microscope the 
amphibolites show blastomylonitic texture. 
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Table 1, continued 


Mt. Dzitaku Kholodnyi glacier | Laba Quartz-amphibole 
‘ River 
fort | ocd diorite-gneiss 
ie microcline biotite microcline| grano- eg 
P we granite plagiogranite granite | diorite 
grant Kisha L ; 
i 3 aura River 
1 River 
sp. Gr-Sr 
sp. sp sp. sp. sp. A WEIoe sp. sp. sp. 
1609-2 | Ton | 1-02 | I-kh | 8-khol a ia | 2808 954 2085 | 287 
i 
60,4 13,3 4,0 |. 55,3 | 58,8 26,8 Gin i OMe BA 46,5 
= 35,9 | 31,8 ns — 44,7 6,2 = — — 
28, 37,0 40,2 39,0 31,9 Ale 19,0 ‘Vien 19 20), 7 
10-3 7,4 16,3 4,7 8,8 4,3 Wares HAO) 11 = 
La 4 5,4 ae = = es = 
=o a — = 0,7 37,0 42 I So 
Ss 4 2.8 
4Une) 1,0 2,0 1,0 lee A — il at 
i00,0 100,0 | 100,0 | 100,0 | 100,0 100,0 100,0 100,0 | 100,0 | 100,0 
| i dest 


They are composed of grains of light-green 
hornblende with a bluish tinge (c:y = 17°, 
-2V = 80°, y-a = 0.018) and sericitized 
comminuted feldspathic mass. 


The granodiorites are similar in outward 
appearance to the melanocratic biotite plagio- 
granites, but are somewhat more massive and 
contain fewer femic minerals. 


The microscope reveals their cataclastic 
texture and the essential minerals, plagio- 
clase (oligoclase-andesite), quartz, biotite 
and muscovite. The secondary minerals are 
sericite and chlorite, and the accessory, 
zircon and magnetite. 


On Mt. Dzitaku there are two varieties of 
granitoids: a) the biotite plagiogranites with 
albitite veins, forming the main part of the 
outcrop, and b) the microcline granites at the 
contact between the granitoids and the Lower 
Carboniferous metasedimentary rocks. 


In the transitional microcline granite — 
plagiogranite zone (0.5 to 0.7 m wide) there 
is a crushed dark-gray medium-grained rock 
composed of black graphite scales, and quartz 
in an aphanitic quartz-sericite groundmass 
containing albite-oligoclase grains. 


Both varieties are gray, medium-grained, 
gneissoid rocks with cataclastic texture. 


The biotite plagiogranites are composed of 
albite, quartz and biotite, the secondary min- 
erals being chlorite, muscovite and veinlets 
of calcite with pyrite and the accessories, 
apatite, sphene, magnetite and zircon. Chlor- 
ite replaces biotite, and hematite replaces 
ore minerals. 


In the plagiogranites, conformably with 
their foliation, lies a vein of albitite 30 to 
35 cm in thickness. The albite is a white 
coarse-grained rock showing the effects of 
dynamic metamorphism. The microscope 
shows that it contains crushed, originally 
idiomorphic albite crystals (Ans) and no more 
than 2 to 5 percent of small quartz grains. 


The microcline granites are characterized 
by sharp predominance of quartz and micro- 
cline over plagioclase and a considerable con- 
tent of biotite and muscovite. The secondary 
minerals are chlorite and sericite; the acces- 
sory, Zircon and pyrite. 


The granitoids beneath the Kholodnyy 
glacier, On the left tributary of the Kholod- 


naya River, near its source, beneath the 
Kholodnyy glacier (Mt. Pseashkha), a granit- 
oid massif is exposed composed of biotite 
plagiogranite with quartz-plagioclase veins in 
the northeast and microcline granite in the 
southwest. The transitional zone between the 
two varieties of granite is concealed under a 
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cover of deluvium or lies in inaccessible 
cliffs. 


The biotite plagiogranite is dark-gray and 
gray medium-grained rock. Porcelain-like 
gray, almost white, tabular feldspar crystals 
0.5 to 0.15 mm, but more frequently 1 to 3 
mm in size, are weathered in relief on the 
exposed surfaces. The plagiogranite is faintly 
porphyritic. 


The microscope reveals monzonitic cata- 
clastic texture. The essential minerals are 
plagioclase (albite-oligoclase), quartz and 
biotite, and the accessory minerals are rep- 
resented by numerous dotlike magnetite 
grains, occasional sagenite in biotite, and 
infrequent grains of zircon, epidote, apatite 
and sphene. 


The mylonitized biotite plagiogranite is 


foliated brown-gray fine-grained rock resem- 
bling quartzose sandstone. The microscope 
reveals mylonitic and locally cataclastic tex- 
ture. The rock is composed of finely ground 
and recrystallized quartz -biotite-feldspar 
material. Occasionally, deformed plagioclase 
crystals (AnjQ) are seen and, less frequently, 
grains of quartz sphene and epidote. 


The quartz-plagioclase veins in the biotite 
plagiogranites are white and coarse-grained 
and up to 15 to 20 centimeters in width. The 
predominant mineral in these veins is kaolin- 
ized plagioclase, oligoclase (Anj3 - Anj5) with 
fine albite twinning. The secondary minerals 
are quartz, occurring in thin veinlets, and 
chloritized biotite, developed along the cleav- 
age cracks in the plagioclase. 


The microcline granite is gray porphyritic 
crushed rock. Its fractured light-gray and 
pinkish feldspar phenocrysts are up to 10 to 
15 millimeters length. The groundmass con- 
sists of feldspar and quartz fragments (1 to 3 
mm) and a small amount of an aggregate 
composed to minute biotite flakes and quartz 
and feldspar grains. 


The microscope shows that the feldspar 
phenocrysts are microcline microperthite 
(-2V = 82 to 84°) and the groundmass is fine- 
grained biotite-quartz-feldspar material. The 
secondary minerals include light-green chlorite 
(pennine) developed after biotite, and sericite 
and epidote developed after plagioclase. The 
accessory minerals are magnetite, zircon and 
apatite. Crystals of colorless idiomorphic 
epidote and broken grains of colorless garnet 
are occasionally seen. 


The leucocratic granite is light-gray, 
almost white, medium-grained and rather 


strongly foliated rock. The microscope shows 
that it has cataclastic texture and is composed 
of plagioclase, quartz and a small amount of 
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untwinned brown microcline. The accessory 
minerals include brownish ores and small 
colorless prisms of apatite and Zircon. 


The torn and deformed crystals of plagio- 
clase (AnjQ, seldon Ang) are partially re- 
placed by microcline. Some plagioclase crys- 
tals contain quartz in myrmekitic intergrowth. 


The primary quartz, which is sometimes 
preserved as fractured grains up to two 
millimeters in diameter, show strong effects 
of cataclasis. It is usually fragmented and 
recrystallized into a mosaic of small grains. 
In the fine-grained, essentially quartzose 
groundmass, there are minute lenses and 
veinlets of idiomorphic quartz (0.03 to 0.09 
mm in diameter). The aphanitic, essentially 
quartzose groundmass passes into an almost 
amorphous matrix with scales of muscovite 
and light-green chlorite. 


3. The Granitoids 
of the Malaya Laba River 


In the uppermost reaches of the Malaya 
Laba River, on the eastern slope of Mt. 
Pseashkha, there are outcrops of plagiogranite 
similar to those beneath the Kholodnyy glacier 
and of cliff-forming unaltered massive grano- 
diorite which is probably younger than the 
plagiogranite. 


The microscope shows that the granodiorite 
has hypidiomorphic texture and is composed 
of plagioclase (Ang5), quartz, microcline, 
biotite and hornblende. Prismatic apatite, 
rounded yellowish zircon crystals and occa- 
sional colorless slightly fractured grains of 
garnet are the accessory minerals. The first 
generation biotite contains pleochroic halos 
with a radius of 0.015 millimeters formed 
around grains of zircon. 


The plagioclase is resorbed by quartz and 
replaced by microcline. 


The rock contains small scales of pale- 
brown second generation biotite. The biotite 
occurs in clusters and penetrates into the 
cleavage cracks in plagioclase. 


The hornblende is found infrequently in 
xenomorphic or prismatic grains. It is pleo- 
chroic from light-green (y) to dirty green (A) 
and pale-green (a). The extinction angle c:y = 
17°. Sometimes it is replaced by biotite and 
chlorite. 


4, Quartz-Amphibole Diorite 
and Gabbro Gneisses 


Since these rocks have not been studied be- 
fore, a brief description of them is necessary. 
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The amphibole gneisses formed at the 
expense of quartz diorite and gabbro occur 
mainly in the upper reaches of the Laura and 
Kisha rivers. They are dark-green and 
grayish-green, often banded, foliated coarse- 
grained, medium-grained and, less frequently, 
fine-grained rocks. The Kisha River gneisses 
are the most intensively metamorphosed. 
whey contain almost no relicts of igneous 
rocks and have the appearance of normal 
amphibole gneisses and amphibolites. 


The texture of the gneisses is blastocata- 
clastic. In the strongly metamorphosed, Kisha 
gneisses it approaches fibro-lepidogranoblastic 
texture, for here quartz grains have serrated 
contacts and form a mosaic and the hornblende 
in the dark bands is recrystallized into fib- 
rous-acicular actinolite or altered to scaly 
chlorite. Sometimes it is altered to muscovite, 
light-brown biotite or epidote. 


Sometimes the amphibole gneisses contain 
layers of light-gray almost white fine-grained 
gneissoid rock 3 to 6 mm thick which merge 
gradually into the enclosing gneiss. These 
rocks are composed of mosaic or granoblastic 
quartz and extremely fine mylonitized mate- 
rial, evidently quartz-feldspar, containing 
occasional deformed plagioclase crystals. The 
plagioclase (An30) is kaolinized, sericitized 
and sometimes saussuritized. The quartz 
bands contain scales of green chlorite, bio- 
tite and muscovite. The accessory minerals 
are apatite and zircon. These leucocratic 
gneissoid rocks were evidently formed from 
aplites. 


In the gneiss massif of the Laura River, 
gneisses of high metamorphic rank are found 
only in the deeper parts of the section, while 
its central parts consist of massive, only 
slightly gneissoid rocks. In them, in spite of 
the development of porphyroblasts and cata- 
clasis, the plagioclase and hornblende crystals 
retain the original tabular and prismatic habit. 
The material of the salic components or re- 
crystallized quartz penetrates into the cracks 
in these crystals. 


The essential minerals in the gneisses are 
plagioclase, hornblende and quartz; the acces- 
sory minerals are ilmenite with sphene, zir- 
con, apatite and, infrequently, magnetite and 
pyrite. The modes of these rocks are pre- 
sented in Table 1. 


The plagioclase and the hornblende crystals 
show alignment induced by intensive dynamic 
metamorphism. 


The hornblende is green, in some cases 
spotted, because of the irregular distribution 
of color. The prismatic hornblende crystals 
average 1 to 2 mm in length. They are pleo- 
chroic, with y = green, 8 = dark yellowish- 
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green and a = yellowish-green. The optical 
constants of the hornblende obtained on the 
universal stage are as follows: 


Specimen cy 2V y-a 
No. 
1754-a 14° -78° 0.022 
287 16° =O" 0.022 
2072 16° -80° 0.019 
182 14° -86° = 
1750 197 -78° = 


The characteristic alteration of the horn- 
blende is the replacement by pale-brown bio- 
tite (2V about -10°), chlorite and epidote 
(2V = -76°, -84°). Sometimes a large horn- 
blende crystal is changed into an aggregate 
of small blue-green hornblende (c:y = 17°). 


Quartz, being a brittle mineral, is usually 
crushed and recrystallized into small grains. 


The contacts between the granitoids and the 
Lower Carboniferous rocks were found on the 
slopes of the Pereval'’naya, Dzitaku, and 
Pseashkha mountains. On Mt. Pereval'naya 
the contact is tectonic. Near it are light- 
gray, fine-grained crystalline limestones. 
Lenses of granitoids were found in the serici- 
tized shales. 


The thickness of the granitic lenses and 
augen in the shales ranges from fractions of 
a centimeter to 1.5 to 2 cm. They are com- 
posed of rolled and stretched albite-oligoclase 
grains with micropegmatitic intergrowths of 
quartz and fine-grained ground up quartzo- 
feldspathic mass containing scales of light- 
brown biotite and of muscovite. The accessory 
minerals are zircon, magnetite, apatite and 
sometimes tourmaline with y - a = 0.018 to 
0.020. 


On Mt. Dzitaku the microcline granites 
are in contact with the Lower Carboniferous 
metamorphosed sedimentary rocks, small- 
pebble conglomerates, sandstones, cherts 
enclosing beds of black limestone and phylli- 
tized shales. 


The small-pebble conglomerates and sand- 
stones are composed of rounded crushed and 
recrystallized quartz grains and subordinate 
saussuritized plagioclase. The cementing 
material is quartz-sericite. The rocks con- 
tain small muscovite flakes occurring in 
microaggregates and separately and prismatic 
and anhedral crystals of tourmaline resembling 
in its optical properties the tourmaline of the 
near-contact granites of Mt. Pereval'naya. 
The cement of the sandstones contains biotite. 


The chert-like shales are dense banded 
rocks (with alternating gray and dark-green 
bands). The light bands are composed essen- 
tially of minute quartz grains and somewhat 
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altered albite-oligoclase. In the dark-green 
bands the predominant mineral is bluish light- 
green hornblende in slender prismatic crys- 
tals; it is sometimes replaced by biotite. 
Sericite, sphene, leucoxene, epidote and apa- 
tite occur in the dark bands. 


The black metamorphosed limestone is 
dense, fine-grained and contains admixed 
carbonaceous-argillaceous material with 
numerous grains of a metallic mineral. 


The phyllitized shales are dark-gray, 
almost black. Their banded structure is due 
to the presence of layers of carbonaceous - 
argillaceous material in a fine-grained quartz- 
sericite groundmass. 


On Mt, Pseashkha the granitoid, leucocratic 
granite in this case, is in contact with the 
Lower Carboniferous rocks, conglomerate 
(0.5 to 1 m thick), overlain by quartzose 
sandstones (2 to 3 m thick) and marbles (up 
to 30 meters in thickness). 


Granite pebbles 3 to 12 centimeters in 
diameter and smaller predominate in the 
conglomerate. The granite of the pebbles is 
composed of quartz (up to 50-60%), muscovite 
and chlorite (together amounting to 8%) and 
plagioclase (An12). The granite is intensively 
crushed and contains quartz muscovite’ sym- 
plectic intergrowths, In the fine-grained 
mylonitized groundmass of the granite, there 
are crushed grains of sphene leucoxene, 
zircon, apatite and carbonate. Zircon inclu- 
sions in chlorite are surrounded by pleochroic 
halos up to 0.036 millimeters in radius. 


The quartzose sandstones are fine-grained, 
and macroscopically resemble the sandstones 
of Mt. Dzitaku but are less metamorphosed 
and have no biotite in the cement. 


The marbles are similar to the metamor- 
phosed limestones of Mt. Pereval'naya. 


SUMMARY OF THE GRANITOIDS 
AND GNEISSES 
OF THE PEREVAL'NAYA SUBZONE 


The newly discovered granitoid outcrops 
described here for the first time can be 
divided into two large groups. 


The first group includes various plagioclase 
granites (plagiogranites) with albitite and 
quartz-plagioclase veins, granodiorites and 
tonalites of Mt. Pereval'naya and the leuco- 
cratic granites from beneath the Kholodnyy 
glacier. The predominant minerals in these 
rocks are plagioclase, often albitized, and 
among the femic minerals, biotite. The 
potash feldspar, brown due to kaolinization, 
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is near to orthoclase in its properties but 
not always so. 


The chemical analyses show that the 
leucocratic granites and the biotite plagio- 
granites (Tables 2 and 3) are oversaturated 
with alumina. The values of their n charac- 
teristic indicate strong excess of sodium 
over potassium. 


These characteristics prove that the rocks 
of the first group are identical with the gran- 
itoids of the Urushtenskiy complex (Afanas'- 
yev's data). The investigated amphibole 
gneisses are also similar to the rocks of 
this complex and, as shown by geological 
and petrographic studies, they form a sub- 
stratum for the plagiogranite intrusions. 
Mineralogically and chemically the gabbro and 
diorite gneisses of the region are similar to 
the amphibole gabbros investigated by Afanas' - 
yev in the more easterly regions of the Pere- 
val'naya subzone (upper waters of the Mark 
and Aksaut rivers). 


The second group includes microcline 
granite and the fresh massive granodiorite 
from near the source of the Malaya Laba 
River. The age of these rocks is probably 
Variscan, for they metamorphosed the enclos- 
ing Lower Carboniferous strata. Their char- 
acteristic feature is the presence of over 5% 
of fresh microcline with more or less devel- 
oped grid structure. 


Thus,: the first group of the granitoids 
(including gneisses) matches the Urushtenskiy 
complex (Lower Paleozoic) and the second 
group matches the granitoid complex of the 
Main Range (Middle Paleozoic). 


THE VERKHNE-URUSHTENSKIY 
GRANITOID MASSIF 


During the geologic mapping of this area 
a large collection of rocks was made and a 
petrographic study of these specimens revealed 
the complex structure of the massif (Fig. 2). 
The larger part of it is composed of micro- 
cline granite with areas of quartz diorite, 
biotite, \granodiorite and orthoclase granite. 


Contact relations were observed between 
some of the granitoids. For example, in the 
contact zone between quartz diorite and micro- 
cline granite there occurs coarse-grained 
quartz diorite, or sometimes foliated fine- 
grained quartz diorite containing carbonate 
veinlets two to five centimeters in thickness. 


In the northern region, porphyritic granites 
are foliated at the contact with leucocratic 
microcline granites and have granodioritic 
composition. 
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Table 3 


Principal Chemical Characteristics of the Granites and Gneisses of the Main Range 
(after A.N. Zavaritskiy) 
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The leucocratic variety of microcline 
granites contains pegmatite veins, and micro- 
cline granites proper contain quartz and car- 
bonate veins with polymetallic mineralization. 


The light-gray microcline granite is mas- 
sive medium-grained rock with hypidomorphic 
texture, Plagioclase and quartz are present 
in almost equal amounts, but microcline is 
very subordinate (Table 4). Chloritized bio- 
tite is usually more abundant than muscovite. 


The accessories are apatite, pale green 
zircon, epidote, rutile, sphene and minute, 
unidentifiable highly birefringent inclusions 
producing pleochroic halos in chlorite from 
0.02 to 0.03 millimeters across. Pleochroic 
halos formed around zircon also occur, having 
radii of about 0.015 to 0.020 millimeters. 


The plagioclase is twinned according to the 
albite, rarely Carlsbad law, and is usually 
albite (An7-Anjg), less frequently, oligoclase 
(Anig, Ang2 Ang3). 


4 fox 
42, 


Sometimes at the contact with microcline 
the plagioclase has a thin border of albite or 
contains myrmekitic quartz. 


The microcline is metasomatic and occurs 
in small anhedral tabular-prismatic crystals 
larger than those of plagioclase (up to 2-3 
millimeters). It is fresh but sometimes con- 
tains calcite and brown iron oxides in the 
cleavage cracks. It is usually perthitic with 
thin lamellae or veinlets of albite. 


The plagioclase crystals included in micro- 
cline are four or five times smaller than 
those occurring in the groundmass. 


a 


The microcline replaces the plagioclase 
at the edges and penetrates into the cleav- 
| age cracks. Besides plagioclase relicts, 
microcline also contains rounded quartz 
grains and flakes of mica. It almost 
always shows the twinning grid, which is 
only rarely indistinct or completely absent. 


g 2 It was discovered by the author that the fre- 
a 5 quency of occurrence of a given value of 2V 
5 © is directly proportional to its magnitude. 
g > ‘g Of measured values of the axial angle of 
| tA 5 ~+microcline (-88°, -86°, -80°, -78°, -76° and 
“ bb 2 8 3 -72°) the larger values occur more frequently 
g Baa 22 2 yw than the smaller. 
ro} =| onon 
Sh etsbints 2280 = 
rach ig eee 2 rf In some microcline grains there are areas 
& a Ee oI g 2 g es of plagioclase without the grid structure (kao- 
BO oe SakaS *  linized material with tabular outlines; perthitic 
33 £ Pee a8 u ic 2 inclusions of plagioclase) which have smaller 
ge grag mds B OV, F le, in the fresh twinned 
CR A Mat 8 - For example, in the fresh twinned areas 
of microcline the values of 2V are -88°, -86° 
aue ™ a oie ee tS a or -76°, while in the untwinned kaolinized 
ai a MS - 9 areas they are -76°, -68° or -62°. This is 


observed in alaskite and in porphyritic micro- 
cline granites. 
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Quartz is xenomorphic (0.5 - 2 mm 
grains), has wavy extinction and often re- 
places plagioclase. When abundant, it almost 
always has polygonal outlines and is the prod- 
uct of the hydrothermal stage of crystalliza- 
tion; when crushed, it occurs in hornfels-like 


aggregates, 


The chloritized biotite is lamellar and 
occasionally contains narrow pleochroic flakes 
of relict biotite with y = deep-brown, a = 
yellowish- or pale-brown. The birefringence 
of the biotite is 0.044; 2V is nearly 0°. 


The chlorite is green and has a dirty-brown 
tinge due to the presence of iron oxides. 
Optically, it is near pennine and contains 
minute grains of epidote, opaque iron oxides 
and sagenite. 


The muscovite is largely secondary; it is 
turbid with opaque clayey material. 


According to the chemical analyses the 
microcline granite may be referred to the 


Jj 


oMt. Urushten 


group of rocks oversaturated with alumina. 
The microcline granite of our region is simi- 
lar to that of the Malo-Labinskiy massif [1]. 


The pegmatites. The thin (0.1 to 0.3 m) 
pegmatite veins in the leucocratic microcline 
granite were probably formed during the 
hydrothermal-pneumatolytic stage of crystal- 
lization. They are usually composed of tabu- 
lar crystals of white microcline (2 to 3 cm), 
and less abundant quartz (0.5 cm), plagio- 
clase 1 to 1.5 cm) and muscovite (1 to 3 cm). 


The microcline is faintly perthitic, kao- 
linized and has a distinct grid structure 
(2V = -80°). The plagioclase (Anjg - Anj3) 
is fresh and polysynthetically twinned. 


The spaces among the larger crystals of the 
different minerals are occupied by the smaller 
crystals of the same minerals. At contacts 
with microcline, plagioclase contains myrme- 
kitic quartz. Occasionally idiomorphic crystals 
(0.3 to0.5 mm) of colorless garnet containing 
quartz and sericite in the fractures are found. 
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FIGURE 2. Petrographic map of the Verkhne-Urushtenskiy granitoid massif. 
] -- Precambrian-Paleozoic schists; 2 -- alaskite; 3 -- microcline granite; 
4 -- leucocratic microcline granite; 5 -- porphyritic microcline granite; 6 -- quartz 


diorite; 7 -- biotite granodiorite; 8 -- orthoclase granite. 
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Porphyritic microcline granite is gray, 
medium-grained rock with numerous tabular 
crystals of microcline (2 to 4 cm). Minute 
flakes of chloritized biotite are visible in the 
microcline. The rock is porphyritic with 
hypidiomorphic groundmass. The plagioclase 
is the dominant mineral, the amounts of 
quartz and microcline are about the same and 
the accessory minerals are apatite and zircon; 
the latter is surrounded in chlorite by pleo- 
chroic halos 0.020 millimeters in radius. 


Plagioclase (Anjg - Anjg) is always serici- 
tized in the center, weakly zoned and often 
rimmed with fresh albite. The plagioclase 
laths are 1.5 to 2 millimeters in length, sel- 
dom 3.5 mm. At contacts with microcline, 
the plagioclase sometimes contains myrmekitic 
quartz. 


The chloritized biotite is strongly pleo- 
chroic from dark-brown to light-brown (a); 
y - @= 0.054. The chlorite is pleochroic 
from light-green to yellow (a) and is near 
pennine in composition. It contains minute 
grains of epidote and opaque oxides. 


At the contacts with leucocratic micro- 
cline granite, the porphyritic granite changes 
to dark-gray granodiorite with blastogranitic 
texture. The granodiorite contains almost 
three times as much chloritized biotite as 
porphyritic granite, no microcline and a more 
calcic plagioclase (An29 instead of Anjg). 


Alaskite. A small alaskite massif is ex- 
posed on the Lyzhnaya River, the left tribu- 
tary of the Urushten. The alaskite has an 
intrusive contact with the crystalline Urushten 
substratum. The two-mica schists at the con- 
tact with the alaskites are plicated and injec- 
ted with granite. Besides the primary miner- 
als (granoblastic quartz, muscovite, biotite, 
plagioclase) they contain chloritized biotite, 
quartz-muscovite, micropegmatite, and meta- 
somatic microcline with poorly developed grid 
structure, In the zone of contact with the 
crystalline substratum the alaskite is medium- 
grained, porphyritic and has hypidiomorphic 
groundmass. The secondary (calcite and 
brown iron oxides) and accessory minerals 
(apatite, rutile, zircon, pyrite) are scarce. 


The orthoclase granite is light-gray and 
coarse-grained. It has hypidiomorphic texture 


and is composed of orthoclase, plagioclase, 
quartz and a small amount of muscovite and 
chloritized biotite. The accessory mineral is 
metamict zircon surrounded in chlorite by 
sharp pleochroic halos with a radius of about 
24 millimeters. 


The orthoclase with 2V = -62°; B 1 (001) = 
1 - 7° occurs in more or less euhedral crys- 
tals (3 to 6 mm). It replaces plagioclase. 
Chemically orthoclase granite differs from 
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microcline granite mainly in having a higher 
potassium and a lower calcium content. 


The biotite granodiorite is fresh as com- 
pared with the other granitoids of the Verkhne- 
Urushtenskiy massif. It is gray, medium- 
grained and massive. 


Its texture is hypidiomorphic, and its 
essential minerals are plagioclase (An32), 
quartz, biotite, a small amount of muscovite 
and occasional crystals of orthoclase. Apa- 
tite and zircon are the accessories. 


On the Imeretenka River, near the exposure 
of biotite granodiorite, there is an outcrop of 
pegmatoidal albite granite. It is composed of 
albite laths (Ang, Anz) up to 2-3 centimeters 
in length, slightly deformed muscovite crys- 
tals (1 to 1.5 cm) and quartz grains (1 to 5 
mm) with faintly wavy extinction. It is inter- 
esting that the albite usually contains a few 
small grains (0.1 to 0.3 mm) of kaolinized 
microcline with grid structure. 


It is possible that this granitoid was 
formed as a hybrid contact during the intru- 
sion of biotite granodiorite. 


The quartz diorite occurs in two varieties, 
the coarse-grained, containing amphibole, and 
the medium-grained, containing biotite and 
amphibole. The former constitutes the main 
mass of the quartz diorite outcrop and the 
latter, its margins. In some cases the con- 
tact zone between diorite and microcline 
granite is occupied by coarse-grained grano- 
diorite. 


The amphibole quartz diorite is gray, mas- 
sive and contains slender prismatic hornblende 
crystals 3 to 6 mm long. The biotite-amphi- 
bole quartz diorite is a dark-gray massive 
rock with grains of biotite and hornblende 
averaging 2 millimeters in length. Micro- 
scopically the two varieties are similar; both 
have hypidiomorphic, occasionally monzonitic 
texture. The modes of these rocks are given 
in Table 4. Their accessory minerals are 
apatite, zircon, magnetite, sphene and hema- 
ites 


The plagioclase (An33 - An37) occurs in 
tablets (0.5 to 1 mm) and is strongly serici- 
tized, zoned and often fractured. The anhed- 
ral grains of quartz (0.5 to 2 mm) have wavy 
extinction and are always fractured. The 
amphibole is a common hornblende pleochroic 
from green (y) to deep yellow-green (8) and 
yellowish (a); czy = 21°, 2V = -70°; and 
y - a= 0.024. 


The amphibole is slightly replaced by chlor- 
ite of the pennine type and contains abundant 
inclusions of epidote in the form of colorless 
oval grains elongated parallel to cleavage. 
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Table 5 


Optical Constants of Potash-Soda Feldspars 
from the Granitoids of the Pereval'naya Subzone in the Verkhne-Urushtenskiy Massif 


Specimen 
Number 


Rock 


Leucocratic plagiogranite 


-70° 

Melanocratic biotite 
plagiogranite -88° 
Tonalite -66° 


Microcline granite 


Granodiorite 
Leucocratic horizon 


Microcline granite 
" " 


Leucocratic microcline 
granite 

Porphyritic microcline 
granite 


Alaskite 
Orthoclase granite 


Biotite granodiorite 


Granodiorite from contact 
zone between quartz 
diorite and microcline 
granite 


(001) 
a B yY Remarks 
= = = Grid very poor (diffuse); 
= = = fresh 
- = = Same 
90° | 26° | 64° Probably (001) edge of 
orthoclase 
86° | 26° | 64° Brown, no grid 
S3ina) laren |e82e Lattice, no grid; fresh 
surface 
78° | 12° | 88° 
80° | 14° | 80° Same 
83° eli4enlada 
83° LOM 82 
78° \w2e 14835 Same 
80° 1207 | 9722 (001) edge; no grid; 
brown 
87° 9°) 838 Grid unclear; fresh 
Souanelels eS Good grid; fresh 
89° | 7° | 90° Grid very poor; fresh 
90° | O° | 90° No grid; fresh 
87° | 6° | 86°] Same ; 
7a) USeaas ie Grid very poor; fresh 
S02) 7220 20s 4.(110) Good grid; fresh 
74° | 16° | 86° Same 
SI) Sael2e ss Grid unclear, fresh 
76° | 16° | 83° No grid; fresh 
12° WSS \a78? Fresh area, with grid L 
10° | 80° | 88° (130). No grid; 
kaolinized area 
84° The al whe No grid; fresh 
86° 7° | 84° Same 
90° 0° | 90° 
90° | O° | 90° Same 
Grid very poor; fresh 
77 aie Sealioiae 
73° | 13° | 84° 


The biotite is usually developed at the ex- 
pense of the hornblende but in the biotite- 
amphibole quartz diorite it occurs as independ- 
ent crystals. It is pleochroic from brown (y) 
to light-brown (a); 2V is nearly zero and 
y - a= 0.0647. 


The coarse-grained granodiorite occurs in 
the contact zone between quartz diorite and 
microcline granite and is composed of large 
(up to 1 cm) plates of black chloritized bio- 
tite, laths of light-gray plagioclase and pink 
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microcline (2 to 5 mm). 


The microscope shows that the rock has 
monzonitic texture, sharply idiomorphic plagi- 
oclase crystals and xenomorphic grains of 
other light-colored minerals. 


The curved plates of chloritized biotite are 
wrapped around plagioclase crystals. The 
plagioclase is strongly sericitized and is near 
albite-oligoclase in composition. Quartz has 
wavy extinction and biotite is completely 
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replaced by chlorite (pennine) pleochroic from 
green to almost colorless, yellowish (a). The 
axial angle of chlorite is -20°; dispersion 

x > y. Microcline with poorly developed 
twinning is slightly kaolinized. Idiomorphic 
crystals of apatite (up to 0.2 mm) are 
abundant. 


SUMMARY 
OF THE VERKHNE-USHTENSKIY 
GRANITOID MASSIF 


The complex structure of this massif 
reflects polyphase emplacement. The author 
believes that quartz diorite, biotite grano- 
diorite and orthoclase granite are the youngest 
rocks of the massif. The main reasons for 
this conclusion are: 


1) the fresh aspect of these rocks as 
compared with the surrounding microcline 
granite; 


2) the absence of evidence that these 
rocks are xenoliths; 


3) the fact that several investigators 
(I.I. Bessonov [4], I. Ya. Baranov [2] and G.P. 
Chkhouta [9]) regard similar granitoids from 
the eastern regions as being the youngest 
among the Hercynian intrusions of the Main 
Range. 


As has already been mentioned, the 
Verkhne-Urushtenskiy granitoid massif is a 
continuation of the Malo-Labinskiy massif in 
which, according to Afanas'yev, the porphy- 
ritic microcline granite was formed by con- 
tamination of the magma (by amphibolites and 
other rocks of the substratum of the Urush- 
tenskiy complex) which produced the nonpolphy- 
ritic microcline granite. The alaskite Afanas'- 
yev regards as a product of the same magma, 
but belonging to a different, younger phase of 
crystallization. 


This scheme of formation of the granitoids 
is applicable to the Verkhne-Urushtenskiy 
complex investigated by the author. 


SUMMARY 


The author's investigations provide new 
material on the granitoids of a difficultly 
accessible part of the Main Range of Western 
Caucasus and a more exact knowledge of the 
relationships between the Lower Carboniferous 
deposits, the rocks of the ancient substratum 
and the individual intrusions of the granitoid 
complex of the Main Range; i.e. they extend 
the work of G.D. Afanas'yev [1]. 
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The author's investigations have shown that 
in the west, from the upper waters of the 
Malaya Laba River to the sources of the 
Kisha River, in the Pereval'naya subzone of 
the Main Range of Western Caucasus, there 
are exposures of various, mainly plagioclase- 
rich granitoids containing dikes and amphibole 
gneisses belonging to the Urushtenskiy com- 
plex. The varieties of microcline granite of 
the Pereval'naya subzone, as well as the 
complex Verkhne-Urushtenskiy massif, were 
formed, apparently, synchronously in Hercyn- 
ian time and are a part of the Main Range 
granitoid complex. 
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THE MAJOR STRUCTURES OF THE URALS AND THEIR ORIGIN™ 


by 


A.A. Pronin 


The literature on the tectonics of the Urals 
is not extensive, partly because of the com- 
plexity of the geologic structure of the ranges 
and partly, and this is perhaps the main 
reason, because of the slow development of 
tectonics as an independent science as com- 
pared, for example, with the development of 
stratigraphy and petrography. Even the explan- 
atory notes accompanying the compiled geo- 
logical maps of the Urals lack chapters deal- 
ing with the tectonics of the range. 


The present paper is a discussion of some 
of the tectonic problems of the Urals, mainly 
of their central and southern parts, based on 
the author's own investigations carried on for 
many years, and other abundant unpublished 
material. 


These problems include: the number of 
structural or tectonic-stratigraphic levels in 
the rocks of the Urals, the characteristics of 
the plication and disjunctive tectonics of these 
levels, the subdivision of the Urals into geo- 
tectonic regions, the role of deep fractures, 
the phenomenon of regeneration in the develop- 
ment of the principal structures, the condi- 
tions of formation and the main stages of 
development of these structures, etc. In the 
discussions of these problems by previous 
investigators, a general tendency is apparent 
to assign an extremely large role in forming 
the present aspect of the Uralian folded struc- 
ture to the middle and upper Paleozoic tectonic 
and magmatic processes and to underestimate 
the significance of the events of the earlier 
periods in the development of the Uralian 
geosyncline. 


Until the early 1930's, most geologists 
believed that the folded structure of the Urals 
was formed during a single stage of tectonic 
movement and magmatic activity, the Variscan 
orogeny. Today, no one denies that an im- 
portant role in the formation of the Urals was 


1Qsnovnyye tektonicheskiye struktury urala i ikh 
proiskhozhdeniya. 
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played also by tectonic and magmatic stages 
before the Variscan. However, the relative 
significance of Paleozoic sedimentation, vol- 
canism, plutonism and tectonic movements in 
forming the structural plan of the Urals, and 
of the same processes during the Precambrian 
stage of development of the Uralian geosyn- 
cline, has not been established. 


In the present work evidence is cited indi- 
cating that the primary role in the formation 
of the Urals was played, not by Paleozoic, 
but by Precambrian geological processes, 
which laid the foundation and general struc- 
tural plan of the modern Urals. During the 
Paleozoic this plan varied slightly but basically 
remained unchanged. In the geological section 
of the Urals the ancient basement plays a 
more important role than the Paleozoic struc- 
tural level, which forms a relatively thin and 
discontinuous layer in the general rock com- 
plex of the Urals. 


To provide a basis for these ideas of the 
relative significance of the Paleozoic and 
Precambrian rocks in the structure of the 
Urals, the main points of the Uralian tectonics 
will be reviewed. 


THE MAIN STRUCTURAL LEVELS 
AND THEIR TECTONIC CHARACTERISTICS 


The existing geological knowledge of the 
Urals permits separation of their strata into 
four structural levels corresponding to four 
stages in the history of the development of 
the Uralian geosyncline: Archean, Proterozoic 
(Riphean), Paleozoic and lower Mesozoic. The 
horizontal upper Mesozoic and Cenozoic strata 
of the region adjacent to the Urals in the east 
(Zaural'e) form a fifth structural level, but 
they are platform deposits and will not be 
discussed here. Each structural level is 
separated from the next by a series of dis- 
conformities and angular unconformities and 
is divided into a group of structural levels of 
the second order, or sublevels, with the same 
stratigraphic relationships as in the main 
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levels and with approximately the same struc- 
ture: the lower part consists mainly of basic 
volcanic rocks and small intrusives of the 
same composition, the middle part contains 
about equal amounts of volcanic and sediment- 
ary rocks, and the upper part is predomi- 
nantly sedimentary. The formation of the 
three pre-Mesozoic levels culminated in the 
emplacement of plutonic rocks of different 
composition, folding and faulting. Correspond- 
ing to the number of structural levels, it is 
necessary to distinguish in the rocks of the 
Urals four main systems of folds and faults 
of different ages, each of which is divisible 
into systems of the second order corresponding 
to the structural sublevels. 


A general description of the structure of 
each of the levels is given below. 


1. The Archean structural level, The rocks 
of this level are exposed as brachyanticlines 
over relatively small areas, and their stra- 
tigraphy and tectonics are complex. This 
level is composed of strongly metamorphosed 
sedimentary and igneous rocks represented by 
biotite, garnet-biotite and garnet-sillimanite- 
biotite gneisses, sometimes with augen struc- 
ture, and by micaceous and ferruginous 
(magnetite) quartzites, schists, phyllites and 
marbles. Besides the metamorphics, there 
are granites, granite gneisses, gabbroids, 
amphibolites, and ultrabasic rocks. Absolute 
age determination of the potash feldspars from 
the paragneisses by the argon method gave 
1,050, 1,090 and 1,150 million years, and 
the sedimentary rocks from which the gneisses 
were formed must, therefore, be much older. 
The potash feldspars from the granites date 
from 1,165 million years, and the potash 
feldspars from fragments of lower Paleozoic 
and upper Riphean arkosic sandstones, which 
lie unconformably on Archean rocks both on 
the western and the eastern slope, date from 
1,600 to 2,300 million years. The discrep- 
ancy in the ages of the potash feldspars from 
the arkosic sandstones and from granites and 
gneisses indicates that the potash feldspars 
from the granites and gneisses were rejuve- 
nated by the upper Archean or Riphean meta- 
morphism and metasomatism. The exposed 
thickness of the rocks in this level is 5,000 
meters. 


The internal tectonics of this structural 
level is very complex and varied: in places 
the metamorphics form extensive low brachy- 
anticlines, in other places complex elongated 
folds are further complicated by small tight 
plications, boudinage, etc. 


2. The Proterozoic (Riphean) level. This 
level consists in its lower part mainly of 
basic volcanics and synchronous small gab- 
broid intrusives. In many places, especially 
on the eastern slope of the Urals, these 
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rocks have been changed to amphibolites. In 
the middle and upper parts of the level, sedi- 
mentary rocks predominate, represented 
mainly by graphitic phyllites and quartzitic 
schists but also by quartzites, argillaceous 
shales, amphibolites and marbles. 


The wide distribution of graphitic phyllites 
and quartzites among the rocks of the Riphean 
structural level is a very characteristic fea- 
ture and permits correlation of Riphean rocks 
in all tectonic belts and in the remote parts 
of the Urals. 


Besides sedimentary rocks, there are wide- 
spread plutonic igneous rocks. The age of 
the Berdyaush granites, formed during one of 
the upper Riphean magmatic phases, is 990 
million years; the age of granite gneisses 
from the vicinity of the village of Naslednin- 
skoe on the eastern slope of the Southern 
Urals is 500 million years. 


The Archean and Proterozoic (Riphean) 
structural levels on the western slope of the 
Urals and the region of the divide are sepa- 
rated by disconformities and angular uncon- 
formities into four sublevels, which have 
been distinguished, so far, only in the region 
of the Bashkir-Uraltaus upwarp. On the east- 
ern slope there are no clear indications of 
stratigraphic break or angular unconformity 
between levels. 


The most characteristic feature of the 
Proterozoic structural level is gently folding, 
represented by extensive brachyanticlines of 
three kinds: 


a) symmetrical, with gently dipping 
(10° -40°) limbs with wave-like plications, 
along both strike and dip; 


b) asymmetrical, overturned to the west, 
usually with gently dipping, plicated eastern 
limbs and steep, sometimes overturned west- 
ern limbs; 


c) imbricate, formed, apparently, by 
faulting of the western limbs of overturned 
anticlines of the preceding type. 


The gentle folding and the presence of 
graphitic phyllites and quartzitic schists makes 
it possible to distinguish Proterozoic sequences 
with certainty from similar Paleozoic se- 
quences. The thickness of the Proterozoic 
strata is approximately 8,000 to 12,000 meters. 


3. The Paleozoic structural level. The 
Paleozoic structural level is separated from 
the Proterozoic by a series of stratigraphic 
breaks and angular unconformities. On the 
western slope it consists of sedimentary rocks; 
on the eastern, of continental deposits and 
tuffaceous rocks in the lower part, mainly of 
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volcanic rocks in the middle part (Gotlandian- 
Middle Devonian) and mainly of sedimentary 
rocks in the upper part (Upper Devonian- 
Permian). Associated with the volcanic rocks 
are widespread plutonic igneous rocks of dif- 
ferent ages, largely of basic and ultrabasic 
composition. Disconformities and angular un- 
conformities divide this structural level into 
no less than eight sublevels, which include 
rocks of the following ages: a) lower Paleo- 
zoic, b) Upper Ordovician-Middle Ludlovian, 
c) Upper Ludlovian-Lower Devonian, d) Eifel- 
ian, e) Givetian, f) Frasnian-Tournaisian, 

g) Visean-Namurian, and h) upper Paleozoic, 
which is divisible on the eastern slope of the 
Urals into a number of sublevels of the third 
order. 


Unlike the Proterozoic (Riphean) structural 
level, the Paleozoic level is characterized by 
narrow almost isoclinal folds with limbs dip- 
ping from 45° to 90°. 


The folds are tens and even hundreds of 
kilometers long and from a few to ten kilo- 
meters wide. They are usually overturned and 
broken by reverse and thrust faults. 


The thickness of the Paleozoic strata is 
5,000 to 10,000 meters. 


4, The Lower Mesozoic level. The rocks 
of this level are restricted to rather narrow 
depressions as deep as three kilometers 
trending nearly due north. The lower part of 
the sequence is composed of basic, locally 
acid volcanics, and the upper, of continental, 
coal-bearing sediments. The lower Mesozoic 
level is separated from the Paleozoic level by 
a series of stratigraphic breaks and angular 
unconformities. Tectonically, this level is 
similar to the underlying one. The thickness 
of the rocks is 2,000 to 3,000 meters. 


Thus, at least four principal systems of 
folds of different ages must be distinguished 
in the Urals and the same number of stages 
of intrusive activity, but counting the struc- 
tural sublevels, the number of phases of 
tectonic and intrusive activity is at least 
twelve. 


THE PRINCIPAL STRUCTURES 
OF THE URALS 
AND THEIR ORIGIN 


Longitudinally, the entire folded system of 
the Urals is divided into a series of large up- 
warps and downwarps, the former being com- 
posed mainly of Precambrian rocks and the 
latter of Paleozoic and lower Mesozoic rocks. 
Each upwarp and downwarp extends for a 
considerable distance along the axis of the 
Urals, is deeply rooted in the earth's crust, 
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has gone through a long period of development 
and represents an individual geotectonic re- 
gime. Within each structure are structures 
of the second order, anticlinoria and syn- 
clinoria, and within these are structures of 
the third order, anticlines and synclines. 


The major structures separated by the 
author are, from west to east (Fig. 1): 


I, Russian platform (eastern edge). 
Il. Western Urals downwarp. 
Ill. The Bashkir-Uraltau upwarp. 
IV. Tagil-Magnitogorsk downwarp. 


V. Eastern Urals upwarp. 


VI. Alapeavsk-Chelyabinsk downwarp. 
Vil. Kamyshlov-Troitsk upwarp. 
VIII. Upper Tobol downwarp. 


All upwarps are composed of gently folded 
Riphean strata (the Riphean structural level), 
locally exposed brachyanticlines of the Archean 
level and Paleozoic rocks lying in small de- 
pressions formed by superimposed synclines. 


The three upwarps are equal in size and 
significance in the structure of the Urals. 


The Bashkir-Uraltau upwarp, considered 
until recently as the axial structure of the 
Urals, must be regarded as an analogue of 
the two upwarps on the eastern slope of the 
Urals. It is very probable that it is precisely 
in these eastern upwarps that the oldest rock 
complexes are exposed. 


The Paleozoic section in the synclines 
superimposed on the upwarps is very incom- 
plete; i.e., it contains many disconformities 
and its stratigraphic units are much thinner 
than equivalent units in the downwarp sections, 
In many regions, Ordovician, Gotlandian, De- 
vonian or Carboniferous strata lie unconform- 
ably on the eroded Riphean surface and this 
indicates, first, that whole systems are mis- 
sing from the Paleozoic section in the up- 
warped areas, and, second, that the hypso- 
metric position of the upwarped surfaces 
remained more or less stable during the 
entire Paleozoic era and were covered by seas 
for only brief intervals of time. 


Each upwarp is separated from the neigh- 
boring downwarp by a series of parallel deep 
faults, some of which stand out clearly in the 
modern section of the folded Urals and others 
are concealed. These faults played an excep- 
tionally large role in outlining the general 
geotectonic plan of the Urals, which persisted 
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FIGURE 1. Outline of geotectonic regions 
of the Urals. 


| -- Russian platform; 


11 -- West Ural downwarp; 
-- a - Polyudovskiy anticlinorium; 
-- b - Karataus anticlinorium; 


111 -- Bashkir-Uraltau upwarp; 
-- a - Taratash-Ufaley anticlinorium; 
-- b - Zilair synclinorium; 
-- c - Lyapinskiy anticlinorium; 
-- d,e - Verkhsobinskiy anticlinorium; 


IV -- Tagil-Magnitogorsk downwarp; 
-- a - Sverdlovsk synclinorium; 
-- a,b,c,d,e - superimposed synclines 
filled with Lower Mesozoic 
coal-bearing strata; 


V -- East Urals upwarp; 
-- a - Saldinskiy anticlinorium; 
-- b - I1'menogorskiy - Sysertskiy 
anticlinorium; 
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with only slight changes through the Paleozoic, 
Mesozoic and Cenozoic eras. 


The structural depressions have the follow- 
ing characteristics distinguishing them from 
the upwarps. They are composed mainly of 
Paleozoic volcanic and sedimentary rocks, 
among which Precambrian rocks are exposed 
in brachyanticlines and lower Mesozoic rocks 
in the superimposed synclines. Their strati- 
graphic section is characterized by the com- 
pleteness and great thickness of the strati- 
graphic units; the stratigraphic breaks are 
short, with only some horizons and parts of 
stages missing from the section. The thick- 
ness of the Paleozoic strata in the downwarps, 
as has already been mentioned, is 5,000 to 
10,000 meters. Such large accumulations of 
sediments and volcanics is possible, evidently, 
only when the floor (basement) of a downwarp 
subsides slowly, and this is undoubtedly what 
happened throughout the Paleozoic era and 
locally through the early Mesozoic as well. 


The four principal downwarps are equivalent 
in scale and alike in their development except 
for the Western Urals downwarp, which dif- 
fers sharply from the rest. It is in the 
regions of subsidence that sedimentation, vol- 
canism and intrusive igneous activity occurred 
during the Paleozoic and, on a much dimin- 
ished scale, continued in the lower Mesozoic. 
Thus, in effect, the downwarps existed as 
active geotectonic elements up to and through 
the Jurassic period. 


Deep fractures and the principle of regen- 
eration played a tremendous role in the for- 
mation of upwarps and downwarps and of the 
features of geotectonic regime which distin- 
guish them, 


It was noted earlier that each upwarp is 
separated from the adjacent downwarp by a 
series of closely spaced faults. This is 
proved by the following: 


1. The Paleozoic section in the upwarped 
areas is characterized by interruptions: 
entire systems are missing from it and, 
moreover, the areal distribution of the Paleo- 
zoic stratigraphic units is limited, for they 
were deposited in small depressions of the 
superimposed type. The maximum thickness 
of the Paleozoic strata in the upwarps is 
1,500 to 2,000 meters. The change from 
the upwarped areas, whose modern surface 
is composed almost entirely of Precambrian 
rocks, to the downwarped areas is very sharp, 
occurring within a few hundred meters or a 
kilometer. Such rapid passage from upwarp 
to downwarp can be explained only by the 
presence of boundary faults. 


2. The thickness of the Paleozoic strata in 
the downwarped areas is approximately the 
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same on the periphery and in the center. 

This indicates that the floors of the down- 
warps subsided uniformly, to the same depth 
over the whole area. In the absence of faults, 
the floors would have subsided to a greater 
depth in the center than on the periphery. 


3. The distribution of rocks characteristic 
of synclines with the youngest in the center 
and the oldest along the periphery is not ob- 
served in the downwarps. On the contrary, 
the youngest rocks on the surfaces exposed at 
present are commonly on the periphery and 
the oldest in the center of a downwarp. Each 
downwarp exhibits a great variety of facies 
characterizing different stages in its geo- 
logical development, and numerous horizontal 
and vertical facies changes. Thus each down- 
warp, while similar to others, is a small, 
independent Paleozoic geosyncline, bounded by 
deep fractures. 


4. The change from the gentle folds char- 
acteristic of the Riphean structural level 
which forms the upwarps to the steep, almost 
isoclinal Paleozoic folds occurs rapidly from 
west to east, within a zone less than a kilo- 
meter wide. 


5. Besides these indirect indications, the 
presence of deep fractures on the boundaries 
of upwarps and downwarps is confirmed 
directly by the occurrence of belts of ultra- 
basic and gabbroid intrusions extending some- 
times for hundreds of kilometers along the 
boundaries. An example of this is the so- 
called platinum-bearing gabbro-peridotite belt 
located near the western boundary of the 
Tagil-Magnitogorsk downwarp and the belt of 
mainly ultrabasic intrusions stretching along 
the eastern boundary of the same downwarp 
from Kirovgrad to the latitude of the town of 
Serov. 


6. The deep fractures along the western 
boundaries of upwarps have developed into 
reverse and thrust faults and are clearly seen 
on geologic maps, for they bring in contact 
along the fault lines rocks of different ages, 
most frequently Precambrian and middle 
Paleozoic, 


Deep fractures are not restricted to the 
boundaries of upwarps and downwarps: they 
dissect the basement under the Paleozoic 
strata into blocks and extend through some 
or all of the Paleozoic structural sublevels. 
All plutonic intrusions and the vents of Paleo- 
zoic and Mesozoic volcanoes are associated 
with the deep fractures. 


The deep fractures played a tremendous 
role in the formation of the principal struc- 
tures of the Urals, for throughout the Paleo- 
zoic and the early Mesozoic eras all vertical, 
horizontal and oblique movement of rock 


IZVESTIYA AKAD. NAUK SSSR. SER. GEOL. 


masses of the upwarps and downwarps took 
place along them. The magmatic activity 
during the development of the Uralian geo- 
syncline is also related to the deep fractures, 
which provided channels for the rise of magma 
to the surface as well as space for various 
plutonic rocks. The distribution of deep frac- 
tures and of the large blocks of rock which 
moved along them determined also the distri- 
bution of the sedimentary facies during vari- 
ous intervals of geologic time. It is difficult 
to mention any geological process which in 
one way or another was not dependent on the 
presence and activity of the fractures. 


As for the phenomenon of regeneration in 
the development of Uralian folded structures, 
it may be interpreted as follows. 


The principal upwarps and downwarps 
formed at the end of the Proterozoic continued 
to exist as geotectonically active elements 
throughout the Paleozoic and the beginning of 
the Mesozoic. All geological processes (sedi- 
mentation and volcanic and intrusive activity) 
occurred during the general subsidence of the 
floors of the downwarps, and the relationship 
between them and the upwarps was preserved, 
There was no complete redistribution of the 
main elements of the geotectonic plan of the 
Uralian geosyncline during the geological 
history of the region. The Paleozoic tectonic 
movements did not cause a radical reconstruc- 
tion of the geotectonic plan or reversals of 
large structures, nor did they produce new 
deep fractures and redistribution of the belts 
of intrusions and volcanic vents. The geo- 
tectonic history of the upwarps and down- 
warps was not interrupted by these move- 
ments and re-initiated but continued with the 
preservation of the original conditions, i.e., 
with unchanged distribution of the principal 
upwarps and downwarps and persistent subsi- 
dence of the floors of the latter. 


In the Paleozoic and Mesozoic of the Urals, 
no less than fifteen tectonic phases are re- 
corded in the stratigraphic breaks and some 
of the angular unconformities; however, in 
most cases these were local phases, affecting 
individual tectonic zones or regions. They 
cannot be synchronized either with Stille's 
"universal" phases established on the basis of 
European studies nor with the phases of the 
adjacent regions of the Urals. Therefore the 
greatest caution must be used in separating 
not only the "universal" phases of these move- 
ments but even of whole orogenic stages (the 
Caledonian, for example). 


Before passing to the history of the Ural- 
ian geosyncline and the characterization of 
the conditions of formation of the major 
structures, it is necessary to explain the 
relation of the folded zone of the Urals to 
the Russian platform. 
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The Russian platform consists of two 
clearly defined structural levels, the Precam- 
brian crystalline basement and the Paleozoic 
complex. The overwhelming majority of 
investigators do not separate the crystalline 
basement in the rocks of the Urals, but 
regard its absence as the main distinction 
between the platform and the geosyncline. 


The author considers that the crystalline 
basement can be separated in the Urals and 
that, just as on the Russian platform, it 
forms the Archean structural level. The only 
difference is that on the platform it is more 
monolithic, less broken by deep fracturing, 
while in the Urals it has been cut by numer- 
ous parallel fractures into narrow elongated 
blocks with north-south trend and then re- 
worked by magmatic melts intruded into the 
fractures and by regional metamorphism. 


During the formation of the crystalline 
basement of the Russian platform and of the 
lower (Archean) structural level of the Urals, 
the Uralian geosyncline had not yet come into 
existence and the basement was alike in both 
regions. The Uralian geosyncline was formed 
at the end of the Archean or the beginning of 
Proterozoic time by deep fracturing of the 
basement into parallel blocks and by their 
subsidence to different depths. The crystal- 
line basement was split and subsided over a 
large area extending from the eastern edge of 
the Russian platform far to the east and in- 
cluding a large part of western Siberia and 
central Kazakhstan. The great size of the 
Riphean basin is indicated by the distribution 
and thickness of the Riphean carbonaceous 
quartzites and graphitic phyllites. Within the 
eastern part of the Russian platform, between 
the crystalline basement and the Paleozoic 
cover, the Riphean graphitic phyllites and 
carbonaceous quartzites are absent and the 
Bavlinskaya formation occupying this position 
is not more than 500 meters in thickness. 

On the western slope of the Urals the Riphean 
deposits thicken abruptly to 10,000 - 12,000 
meters. According to M.I. Garan'? the car- 
bonaceous quartzites and graphitic phyllites 
are found between the Proterozoic Ay forma- 
tion at the base and the Avzyan formation at 
the top. On the eastern slope of the Urals 
the thickness of the Riphean deposits reaches 
10,000 meters in all upwarps from the Bashkir- 
Uraltau-in the west to the Kamyshlov-Troitsk 
in the east. . 


The deposition of the Riphean sequence, as 
was mentioned above, began with the extrusion 
of lavas from the fractures newly formed in 


2M.I. Garan', Age and environment of deposition of 
the ancient formations of the western slope of the 
southern Urals, Gosgeolizdat, 1946. 
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the Archean basement and the intrusion into 
them of small gabbroid and ultrabasic plutons. 
On the western slope of the Urals these lavas 
are preserved almost unchanged, while on the 
eastern slope they are altered together with 
the gabbroids into amphibolites. The forma- 
tion of the Riphean level ended in regeneration 
of activity along the deep fractures. The 
entire Riphean sequence was cut by them into 
folded low brachyanticlines and broken by 
faults into large blocks elongated to the north. 
Later the tectonic development of the blocks 
became individualized; some of them retained 
their elevation and became upwarps, others 
subsided and formed downwarps. Thus the 
extensive Proterozoic basin up to 2,000 kilo- 
meters wide was divided into a series of 
narrow local geosynclines and geanticlines, 
each of which possessed its own individual 
features during the Paleozoic. 


In fact, there was no single Uralian geo- 
syncline during the Paleozoic but a series of 
narrow subsiding geosynclinal troughs and 
geanticlinal uplifts, and the regime of the 
latter, in many respects, was more like that 
of platforms than geosynclines. For example, 
in the region of the upwarps the interrupted, 
incomplete Paleozoic section is more similar 
to the section of the Russian platform than to 
the continuous and very thick Paleozoic sec- 
tions of the neighboring subsided tracts. 


Actually the formation of the Paleozoic 
structural level took place only in the four 
downwarps mentioned above and culminated in 
the folding of the Paleozoic deposits into rather 
complex folds and in the emplacement of large 
basic and ultrabasic plutons localized in the 
deep fractures differing in origin, in those 
separating upwarps and downwarps and in 
those which were formed in the crystalline 
floors of the downwarps as a result of its 
deformation under the pressure of adjacent 
upwarped blocks and of the entire Paleozoic 
sequence many kilometers thick. 


The Paleozoic strata were folded by tectonic 
movements occurring throughout the entire 
,aleozoic era. The complexity and intensity 
of folding were due to the presence, side by 
side with the downwarps, of rigid consolidated 
masses of the upwarps serving as the jaws of 
a vise during the crumpling of the Paleozoic 
strata. It was mentioned above that no inver- 
sion is observed in the tectonics of Paleozoic 
strata, but that the structures of each succes- 
sive tectonic phase were inherited from those 
of the preceding phase. This phenomenon was 
due to the almost continuous subsidence of the 
floors of the downwarps. 


The lower Mesozoic level was also formed 
in individual downwarps of the Paleozoic struc- 
tural level, bounded, like the Paleozoic down- 
warps, by deep fractures. These downwarps 
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reach several hundred kilometers in length, 

as for example the Chelyabinsk coal basin, and 
15 to 20 kilometers in width. In this they 
differ sharply from the great downwarps of 

the Paleozoic time. The Mesozoic downwarps 
were local, relict geosynclines which ceased 
to exist in the Cretaceous period. 


Thus the Uralian geosyncline initiated at 
the end of the Archean or the beginning of 
Proterozoic time developed during the Riphean 
into a large Uralo-Siberian basin. At the end 
of the Riphean it was divided into a series of 
local geanticlines and geosynclines and the 
latter, continually decreasing in size through- 
out Paleozoic and Lower Mesozoic time, 
ceased to exist by the beginning of the Cre- 
taceous period. It is at this time that the 
platform regime became established in the 
Urals. 


SUMMARY 


1. In order to understand the present struc- 
ture of the Urals and the main characteristics 
of the development of the processes of sedi- 
mentation, volcanism and tectonism, it is 
necessary to separate within the complex of 
rocks composing the Urals four principal 
structural levels and four noncontemporaneous 
systems of folding separated by stratigraphic 
breaks and angular unconformities. 


2. The lowest level (Archean) may be re- 
garded as the crystalline foundation for the 
overlying levels and as being identical with 
the crystalline basement of the Russian plat- 
form, but intensively fractured into blocks by 
abyssal fractures. 


3. In plan the Uralian folded zone may be 
divided into a series of upwarps and down- 
warps bounded by deep fracture zones. These 
structures originated in the extensive Uralo- 
Siberian basin at the end of the Riphean time 
and continued to exist until the end of the 
Jurassic period. 


4, A prominent role in the formation of the 
present tectonic aspect of the Urals was played 
by deep fractures and by the phenomenon of 
regeneration, which influenced sedimentation, 
volcanism, intrusive activity and the formation 
of structures. 
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ON THE SEPARATION OF THE MAMYT FORMATION 
IN THE CONTINENTAL JURASSIC DEPOSITS 
OF THE EASTERN SLOPE OF THE SOUTHERN URALS? 


by 


Z. A. Malyutina 


Continental Jurassic deposits are widespread 
on the eastern slope of the southern Urals 
between 50°12' and 52°51' N latitude and 
58°0' and 59°10' E longitude. In the literature 
this distinctive region is known as the Orsk 
Urals. It stretches in a broad band in the 
direction of the ancient folded structures of 
the Urals covering the entire extreme south- 
eastern part of the Bashkir ASSR (Khaybulin- 
skiy region), the eastern part of the Orenburg 
district (Orsk, Khalilovo and Dombarovskiy 
regions) and the extreme northwestern part 
of the Aktyubinsk district of the Kazakh SSR 
(Kos-Istek and Stepnoy regions). 


The Mesozoic-Cenozoic continental deposits, 
of the Orsk Urals including the Jurassic, are 
restricted to the downwarped part of the Paleo- 
zoic folded basement. According to Belousov's 
classification of geologic structures, this 
downwarp may be regarded as belonging to the 
interior basin type formed at the final stage 
of uplift of a geosyncline. 


The interior basin of the Orsk Urals is 
located in the southern plunge of the Magnito- 
gorsk synclinorium and includes a number of 
its Zones complicated by the tectonic move- 
ments which caused the formation of several 
basins. At present I distinguish six such 
basins in the Orsk Urals: the Baymak, the 
Priirendyk, the Akkeramn, the Alimbetov, the 
Orsk and the Donsk. 


The western boundary of the interior basin 
of the Orsk Urals is the Ural Tau anticlinor - 
ium (Fig. 1); and the eastern, the East Urals 
or Mugodzhar anticlinorium. The part of the 
Magnitogorsk synclinorium lying between these 
boundaries consists of a number of structures 
of the second order, anticlines and synclines, 
intensely complicated by the same tectonic 
movements which produced these positive and 
negative structures. 


1k voprosu o vydelenii mamytskoy svity v kontinen- 
tal'nykh yurskikh otlozheniyakh vostochnogo sklona 
yuzhnogo urala. 
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The: geological structure of the region is 
very complex and still little known, although 
there are geological maps on 1:500,000 and 
for some areas on 1:200,000 and 1:100, 000 
scale and larger. Two structural levels are 
clearly revealed by these maps: the Precam- 
brian-Paleozoic and the Mesozoic-Cenozoic. 


The first structural level consists of a L 
strongly dislocated rock complex composed of 
crystalline rocks represented by intensively 
metamorphosed cataclastic granites, granite 
gneisses and schists and strongly cemented 
sedimentary rocks. The rocks range from 
the Precambrian and Lower Paleozoic (Cam- 
brian, Ordovician, Silurian and Devonian) to 
the Upper Paleozoic including the Upper Car- 
boniferous. No Permian rocks have been 
found in the Orsk Urals. A long period of 
erosion is postulated and confirmed by the 
existence of an ancient weathered mantle on 
the Paleozoic basement. 


The Paleozoic structures were. formed 
under a geosynclinal regime and passed 
through all stages of development including 
uplift, dislocation, block faulting and pene- 
planation. As a result of complex geotectonic 
transformations, a very characteristic ancient 
relief with linear positive and negative struc- 
tures was in existence at the beginning of the 
formation of the second structural level. The 
trend of these structures is the general trend 
of Uralian folding, in which north-south elon- 
gation of the structure is the most persistent 
and was for a long time inherited by succes- 
sive structural levels. 


The interior basin of the Orsk Urals is an 
inherited and superimposed structure on the 
eastern slope of the South Urals in the region 
of maximum Upper Paleozoic downwarping. 
That the structure is inherited is evident from 
the general distribution of folds, from the 
direction of movement of individual areas of 
the Paleozoic basement and from the strike 
of the faults, which most frequently follow 
the old fault lines. Naturally the boundaries 
of the Paleozoic and Mesozoic basins and up- 
warps do not coincide exactly in spite of the 
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FIGURE 1. Sketch map of the distribution of basins 
in the interior downwarp of the Orsk Urals. 


Basins: 1 -- Baymak; 2 -- Priirendyk, 3 -- Ak- 
kerman, 4 -- Alimbetov; 5 -- Orsk; 6 -- Donsk; 7 -- 
outline of the inner downwarp; 8 -- outlines of ba- 
sins; 9 -- outline of the South-Urals lignite depos- 
it, Upwarps (figures on the map): 1 -- Ak'tyar up- 
lift; 2 -- Ikshininogayev ridge; 3 -- lrendyk Range; 
4, == Sanasapsko-Khabarninskiy massif; 5 -- Ebey- 
tinsk anticline; 6 -- Kemp i rsaysko-Donskoy massif; 

7 -- Katyn-Adyr ridge; 8 -- Kzyl-Kain uplift; | -- 
Ural-Taus anticlinorium; I! -- Uralo-Tobol'sk anti- 
clinorium. 
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close genetic relationship between them, for 
the younger structures were shaped by other, 
later crustal movements. 


The interior basin of the Orsk Urals began 
to fill with sediments at the end of the Lower 
Jurassic, if the ancient weathered mantle, 


whose age is still problematic, is disregarded. 


The age of the varicolored rocks filling the 
deeper parts of the Orsk basin is also unde- 
termined. They consist of redeposited mate- 
rials of the ancient weathered mantle and 
occasionally contain plant remains of Lower 
Jurassic and Triassic aspect. They may be 
tentatively referred to the upper part of the 
Rhaetic-Liassic section. 


The ancient weathered mantle, the redepos- 
ited varicolored rocks and the eroded surface 
of the Paleozoic basement itself are overlain 
mainly by Middle Jurassic deposits whose age, 
according to their megascopic flora and the 
spore-pollen assemblage, ranges from the 
Aalenian to the upper Bathonian. 


The continental Jurassic deposits in the 
northern part of the Orsk interior basin, de- 
fined by the geographic coordinates 51°45" - 
52°15' N latitude and 57°30' - 58°30" E longi- 
tude, were studied in 1932-1934 by A.L. 
Yanhshinskiy and P.L. Bezrukov [4] in connec- 
tion with search for phosphorite and by a 
group of geologists of the Central Geological 
Exploration Institute under the direction of 
N.K. Razumovskiy, who mapped the Orsk 
Urals on 1:100,000 scale in 1935. 


The first stratigraphic subdivision of the 
continental Jurassic deposits of the northern 
part of the Orsk Urals (in the Priiredndyk 
basin) was made by A.L. Yanshin, who sepa- 
rated two units — the lower, Khaybulino for - 
mation and the upper, Ziren-Agach formation. 
As the type section for the first, Yanshin 
selected an outcrop of Jurassic continental 
beds on the left bank of the Tanalyk River 
near the village of Khaybulino (now Ak'yar) 
which gave its name to the formation. The 
lithology of the formation was described and 
its flora identified. The Ziren-Agach forma- 
tion was separated by Yanshin on lithological 
grounds only. At that time no extensive geo- 
physical and exploratory geological work had 
been done in the Orsk Urals, and the conti- 
nental Jurassic section was studied mainly in 
outcrops. The geophysical, geological and 
exploratory work began in 1952 in connection 
with search for lignite and the discovery of 
the large Orsk lignite basin (Eastern Urals 
basin). 


The maximum and minimum depths to the 
Paleozoic basement concealed under Mesozoic- 
Cenozoic cover in the interior basin were 
measured by geophysical methods. In check- 
ing these data by deep drilling, the structure 
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of the interior basin of the Orsk Urals was 
determined and the downwarps and upwarps 
of the Paleozoic basement within it outlined. 


According to the geophysical data the 
thickness of the unconsolidated sediments in 
the basins ranges from 25 to 450 meters. 
The Mesozoic-Cenozoic strata in the Orsk 
basin were reached by drilling at the depth 
of 316.5 meters (hole no. 3932). Many drill- 
holes reached the Paleozoic basement in other 
basins at 25 to 125 meters, but in the Orsk 
basin only at 100-290 to 300-316 meters, and 
in its deepest parts the basement was not 
reached at all. The Jurassic deposits are 
most completely revealed in the southern and 
central parts of the Orsk basin, where struc- 
tural traverses such as the Mamyt, East 
Urals-Pervomaiskiy, Orsk, Romankul’ and 
others were made. Here many drillholes 
penetrated through the Mesozoic-Cenozoic 
deposits to the Paleozoic basement. 


The study of numerous cores by many 
methods laid the foundation for the develop- 
ment of the stratigraphic section of the Juras- 
sic deposits of the Orsk Urals. 


The entire complex of Jurassic continental 
deposits of the Orsk interior basin, formed 
during a single long sedimentation cycle, was 
named the Orsk series by the author. The 
total thickness of the sediments in the series 
ranges from 300 to 350 meters. The series 
includes essentially all of the Middle Jurassic 
rocks. No Lower Jurassic rocks have been 
identified with certainty. In some localities 
the Middle Jurassic sediments are underlain 
by unfossiliferous siltstones and clays. These 
rocks have not been studied sufficiently, be- 
cuase drill holes do not penetrate the deepest 
parts of the Orsk basin as indicated by geo- 
physical methods. 


The exploratory holes of the Romankul' 
traverse in the Orsk basin pass through a 
great thickness of Middle Jurassic deposits 
underlain in a number of localities (hole 1931 
and others) by thin-bedded varicolored clays 
(cream-white to red-brown and greenish- 
yellow) containing sparse Triassic-Jurassic 
plant fossils. The thickness of these clays 
on the Romankul' traverse (near the Romankul' 
River) is 14 to 15 meters. I tentatively refer 
these clays to the Rhaetic-Liassic time (T3- 
Ji). Very probably they will be found in the 
deeper parts of the basin. They have not 
been studied in detail. 


The middle Jurassic deposits of the Orsk 
series are divided, from base to top, into 
three formations: the Khaybulino (J2hb), the 
Mamyt (J2™m) and the Ziren-Agach (J2Zir), 
The first and third of these formations retain 
the names given them by Yanshin, and the 
middle one, the Mamyt, was defined and 
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named by myself in 1955. 


An analysis of the Middle Jurassic conti- 
nental deposits of the Orsk interior basin 
shows that the sedimentation was rhythmic 
and that each formation corresponds to a 
single phase or rhythm. The Khaybulino and 
Mamyt formations represent two cycles of a 
single lacustrine mesocycle of a higher order 
marking a general subsidence of the interior 
basin of the Orsk Urals. The Ziren-Agach 
formation records the beginning of a new 

sedimentation cycle related, as was pointed 
“out by Yanshin, to an uplift of the Paleozoic 
substratum in the northern part of the interior 
basin, between the Jurassic and Cretaceous 
periods. 


The Khaybulino formation is the oldest of 
the Middle Jurassic formations of the Orsk 
series in the Orsk Urals and the most exten- 
sive. It lies with erosional unconformity on 
the Paleozoic basement, on its weathered 
mantle and, locally, on the varicolored rocks 
formed by redeposition of the ancient weathered 
mantle. Genetically it is a product of a trans- 
gressive sedimentation cycle, for almost 
everywhere at its base lies a conglomerate 
ranging in thickness from 0.5 to 5 meters, 
followed upwards in the section by alternating 
gray and varicolored sandstones, siltstones 
and claystones containing carbonized plant 
remains, layers of siderite and sometimes 
ferruginous sandstone concretions and pods of 
limonite. In the Orsk Urals, the Khaybulino 
formation contains deposits of clayey siderite 
and lignite. The facies composition of the 
formation is variable, with lacustrine beds 
predominating and alluvium and lacustrine- 
paludal sediments occurring locally. A litho- 
logical analysis of the sections of the Khaybu- 
lino formation gives the following average pro- 
portion of the typical sediments: conglomerate 
and sandstone — 1-2%, sand — 45-50%, silt- 
stone — 15-20%, gray clay — 20-26%, vari- 
colored clay — 5-7%, lignite — < 1%, side- 
rite’ — 0.01%; 


Evidently during the deposition of the Khay- 
bulino formation the rate of regional subsi- 
dence was rather high, and this led to the 
deposition of large quantities of sands and 
silts. But some areas of the basin were sub- 
jected to oscillatory movements, the rate of 
subsidence was reduced and marshes favor- 
able to the accumulation of coal were formed. 
An example of this is the southern part of 
the Orsk basin, where the Khaybulino forma- 
tion contains coal beds of workable thickness 
(Pervomayskiye areas of the Eastern Urals 
lignite basin). 


Many identifiable plant fossils have been 
collected from the Khaybulino formation. For 
example, in 1932 Bezrukov and Yanshin col- 
lected a flora from the outcrops of the 
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Khaybulino formation which, according to 
L.M. Krechetovich, contains: Hausmannia 
df. richteri Sew., Clathopteris meniscioides 
Brongn., Thinnfeldia arctika Heer, Dicrodium 
adantopteroides Mora, Phyllocladites rotundi- 
folia Heer, Podozamites schenki Heer, 
Phoenicopsis angustifolia Heer, Pagiophyllum 
peregrinum Lindl. et Hutt., Schizolepis 
moelleri Sew. From the same Jurassic out- 
crop on the left bank of the Tanalyk River, 
A.I, Ketova-Turutanova collected and deter - 
mined the following plants: Coniopteris 
hymenophylloides Brongn., Phoenicopsis 
angustifolia Heer, Czekanowskia rigida Heer, 
Caprolites sp., Schizolepis longpedicelata 
Tur. -Ket., Cladophlebis haiburnensis Lindl. 
et Hutt., Juccites spatutatus Pryn., Phoeni- 
copsis speciosa Heer. In 1954 R.Z. Genkina 
collected 1500 specimens of fossil plants from 
the Khaybulino sections of the Orsk basin and 
identified numerous species of large- and 
small-leaf ferns, the most abundant being: 
Cladophlebis haiburnensis Lindl. et Hutt., 
Todites roessertii Zeiler, Osmundites (Clado- 
phlebis) sp., Coniopteris hymenophylloides 
Brongn., Cladophlebis denticulata Brongn. , 

Cl. lobifolia Phill. 


Other fossil plants are also abundant, for 
example: Equisetites ferganensis Sew., Ptero- 
phyllum acquale Brongn., Nilssonia mediana 
Lesk., N. acuminata Schenk., Ginkgo concinna 
Heer, Baiera longifolia Heer, Baiera czeka- _ 
nowskia Heer, Sphenobaiera angustiloba Heer, 
Czekanowskia rigida Heer, Pitiophyllum nor- 
denskioldii Heer, Hausmannia buchii Andr.~ 


The numerous spore and pollen analyses 
made by the author [2] show that the assem- 
blage from the Khaybulino formation contains 
34.1% spores characteristic of the Jurassic 
period as a whole, including 10-12% Cyathea, 
8-15% Osmunda, 3.2% Lygodium, 2-4% Lyco- 
podium, 6-8% Leiotriletes and 3.7% Chomo- 
triletes; 1 to 4% Lower Jurassic spores (the 
Klukia type and others); 45% typical Middle 
Jurassic spores, including 32-45% Coniopteris, 
0.4% Matonia, 1.4% Acrostichum, 1-3% 
Dipteridaceae, 1-3% Hymenophyllaceae, 1-7% 
Equsetaceae and occasional Gleicheniaceae 
and 4-6% nondiagnostic spores (Polypodiaceae 
and others. 


In the spore-pollen spectrum of the Khay- 
bulino formation, spores strongly predominate 
over pollen; they constitute 70-73% and pollen, 
only 27-30%. Among the spores, those of the 
fern of the Coniopteris type are the most 
abundant. The pollen of the gymnosperms 
constitutes 11% and includes 1-0.9% Bennetit- 
tales, 2-5% Cycadales and 5-10% Ginkgoales. 
The pollen of the conifers amounts to 15.9% 
of the total and includes 2-3% Podozamites 
and 5-8% Caytoniales, 5% Coniferae with two 
air sacs, 1-5% Podocarpus and 0.9% other 
pollen. 
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According to the spore-pollen assemblage 
and macroflora, the age of the Khaybulino 
formation is lowermost Middle Jurassic or 
Aalenian. In addition to the predominant 
Middle Jurassic forms, the sediments of the 
Khaybulino formation contain such forms as 
Hausmannia buchii Andr., Pagiphyllum pere- 
grinum Lindl. et Hutt, and other typically 
Lower Jurassic plants, which can be regarded 
only as transitional relict forms of the lower- 
most part of the Middle Jurassic section 
(Aalenian). On the basis of these forms, 
Yanshin (1932) referred the Khaybulino forma- 
tion to the Lower Jurassic or Liassic. 


In recent years (1952-1957), Genkina col- 
lected about 1500 specimens containing plant 
fossils from the Jurassic continental rocks of 
the Orsk Urals, and, together with the data 
of pollen analysis, these plants identified by 
her show that the Lower Jurassic forms are 
very subordinate and that it is correct, there- 
fore, to place the Khaybulino formation at the 
base of the Middle Jurassic section in the 
Aalenian stage. 


The thickness of the Khaybulino formation 
is 100 to 115 meters. 


The Mamyt formation was separated by me 
(1953-1955) in the Orsk continental series as 
a local stratigraphic unit in the large area of 
the interior basin of the Orsk Urals. The 
formation is extensive and thick. Its lithology 
and fossil flora indicate a change in climate 
since the deposition of the preceding forma- 
tion. The Mamyt formation represents lacus- 
trine deposition accompanied by slow subsi- 
dence. The relation among its facies is 
entirely different from that in the Khaybulino 
formation, and it has a different coal content. 
The Mamyt sediments belong mainly to the 
Lacustrine-paludal, deltaic marsh, floodplain 
and stagnant pool facies. Identical lacustrine- 
paludal facies dominate its base and its top 
and the sedimentary cycle during which it was 
formed may, therefore, be referred to a neu- 
tral or uniform type according to Strakhov 
and Bushinskiy's terminology. 


Clay fractions predominate over sand, and 
silty clay alternates frequently with siltstone, 
coarse gray clay, carbonaceous clay and coal. 
Coal forms entire zones of lenses and beds of 
workable thickness and is an important eco- 
nomic resource. The principal coal deposits 
of the Orsk lignite basin are in the Mamyt 
formation, 


The type section of the Mamyt formation is 
based on geologic sections from the Eastern 
Urals brown coal deposit of the Orsk basin. 
Drill cores from the deposit were subjected 
to thorough study by a variety of methods. 
The principal sections are in the Mamyt River 
basin, and in accordance with the rules of 
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stratigraphic nomenclature the coal-bearing 
strata were named the Mamyt formation. The | 
formation is widespread in the Orsk and Donsk | 
basins but has a limited distribution in the 
Akkerman basin. 


Lithologically the Mamyt formation is rep- 
resented by gray and light-gray coarse clays 
ranging from slightly to very silty and passing 
into true silts. Interbedding of thin layers of 
clay and silt is common. Sand is subordinate 
and sandstones are negligible. Light-gray and 
gray micaceous slightly silty clays with car- | 
bonaceous particles ranging from dust to | 
coarse detritus and large fragments of coal 
predominate in the section. 


According to computations the geological 
sections contain 60 to 80% of this clay, 15 to 
20% of silt, 10 to 12% of sand, 1 to 3% of 
carbonaceous clays and 1 to 4.5% of lignite 
(Vostochnoural'sko-Pervomayskiy and Mamyt 
traverses). 


There are three main varieties of sand in 
the Mamyt formation: the white clayey quartz- 
ose sand, the gray and light-gray argillaceous 
and micaceous clayey sand and the brown-gray 
sand. In each variety the grain size ranges 
from fine to medium. Usually the sand is 
poorly sorted. The white quartzose sand is 
composed of quartz with occasional flakes of 
mica. The heavy fraction constitutes only 
0.6% and contains magnetite, pyrite, zircon, 
tourmaline and occasional grains of garnet. 


In the brownish-gray sands the light fraction 
constitutes up to 96% and contains 30.6% 
quartz, 2.0% feldspar, 0.4% muscovite, 4.6% 
chlorite, 2.4% carbonaceous particles and 50% 
brownish-gray clay. The heavy fraction 
constitutes 0.4% and contains magnetite, zir- 
con, tourmaline, garnet, orthopyroxene, 
chlorite, sphene, biotite and occasional grains 
of rutile. 


In the gray micaceous sands the light frac- 
tion amounts to 95-99% and includes 66. 4% 
quartz, 2.8% muscovite, 1.1% chlorite, 19.0% 
carbonaceous particles and 10.7% clay min- 
erals. The heavy fraction (1-5%) is composed 
mainly of magnetite (up to 62%) with subordi- 
nate amounts of muscovite, pyrite, staurolite 
and garnet. 


The gray and light-gray silts are more 
abundant in the sections than the sands. They 
range from fine-grained (0.01 to 0.05 mm) to 
medium-grained (0.25 to 0.50 mm) and pass 
into fine-grained sands. The silts often grade 
from one grain-size to another and even alter- 
nate with silty clays. In the central part of 
the Orsk basin they form a thick uniform gray 
sequence of lacustrine beds. 


The silts contain quartz, fragments of dark 
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chert, mica and carbonaceous material rang- 
ing in size from dust to detritus and blocks 

of lignite. The silts are often interbedded 
with gray clays and, less commonly, lie at 
the top or base of the coal beds. The silts 
are typical of the widespread lacustrine facies. 


The clays are predominant in the sections 
‘of the Mamyt formation and are usually gray 
and light-gray, nearly structureless, slightly 
silty to silty, or flaky and with partings of 
carbonaceous dark-gray clays. The dark-gray 
clay is very subordinate in the section and 
usually occurs as partings in the coal beds 
and at their base and top. Genetically they 
are usually related to the marshy alluvial 
plain and swamp facies. 


The brown coals of the Mamyt formation 
are petrographically complex and consist of 
alternating thin bands of plant matter in dif- 
ferent stages of coalification. They are thin 
bedded, flaky, sooty and earthy. Petrograph- 
ically they are either durain-clarain or 
clarain-durain coals, depending on the pre- 
dominance of one or the other of these com- 
ponents. 


The laminated variety of coal is composed 
of shreds of lignin-cellulose tissue cemented 
with weakly jellified brownish-yellow colloidal 
humic material. 


The lignite variety retains the structure of 
the cellulose in different stages of jellification. 
This material constitutes 2 to 5% of the bulk 
composition of the coal. 


The earthy and sooty coals are composed 
of attritus in uniformly fine and mixed parti- 
cles. The microscope shows that the intensely 
black, opaque attritus constitutes from 35 to 
40% of the total mass of the coal, while the 
dense component strongly impregnated with 
humic matter amounts to only 20-25%. It 
consists of carbonized plant remains and 
forms dense brittle bright or dull layers and 
lenses from 0.5 to 2 millimeters in thickness. 
In thin sections, this material is opaque or 
translucent and is seen to be composed of 
fusain, durain or durain-clarain. 


The parent material of the coals of the 
Mamyt formation was humic and only rarely 
does the microscope reveal a slight admixture 
of sapropelic material. 


After a study of the coals of the Orsk 
basin, E.I. Tarakanova divided them accord- 
ing to the ratio of the amorphous jelly to 
fusain into two genetic types: 1) coals with 
dominant amorphous jelly and 2) coals with 
dominant fusain. Each type was subdivided 
according to the degree of brightness into 
semi-bright, semi-dull and dull. 
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The composition of the coals (in % of the 
combustible fraction) is as follows: 61.54 to 
78.20% carbon, 71.0% on the average, and 
3.2 to 5.79% hydrogen, or 4.29% on the 
average. The coals are typically brown humic, 
They were formed in a partially reducing en- 
vironment of fresh and brackish water basins. 


The Mamyt formation contains abundant 
plant fossils which establish its age. I deter- 
mined the composition of its spore-pollen 
assemblage composed of 40 to 45% spores 
and 55 to 60% pollen. 


The most abundant spores are: Dicksonia, 
1-2%; Coniopteris, 20-40%; Gleichenia, 1%; 
Matonia, 2-10%; Cladophlebis, 1-2%; Chero- 
pleuria, 0.5-1%; Acrostichum, 1%; Hausman- 
nia, 1-2%; Hymenophyllum, 1-2%; Cyathea, 

i T-5%; Osmunda, 5-20%; Lygodium, 1%; Lyco- 
podium, 2-5%; Selaginella, 2-5%; Phlebopteris, 
occasional grains; Equisetum, 5-10%; Leiotri- 
letes, 5-10%; Stenozonotriletes, occasional 
grains; Eurizonotriletes, occasional grains; 
Marattiaceae, 3-5%; Chomotriletes, occasional 
grains; and Polypodiaceae, 1-5%. The content 
of the Lower Jurassic forms such as Bernouil- 
lia and the spores of the Danae, Danaeopsis, 
Klukia and other types is negligible and 
amounts to tenths of one percent. The pollen 
of gymnosperms accounts for 10-15% and of 
conifers to 30-45%. The gymnosperms are 
represented by Ginkgoales, Cycadales and 
Bennettitales, and the conifers by Podozamites, 
Caytonia, Podocarpus, Piceae, Pinus haploxylon, 
P. subconcina Naum., Aliferina variabilis Mal 
and others. The spores of Coniopteris pre- 
dominate in the assemblage but less so than 
in the Khaybulino formation. The pollen of 
cycads and conifers is much more abundant 
than in the older formation. On the whole, 
the dominant forms in the spore-pollen com- 
plex are Middle Jurassic, Bajocian-Bathonian. 
The complex correlates with the Bajocian- 
Bathonian complex of the Uralo-Caspian defined 
by E.L. Kopytova. 


In 1954, Genkina collected and identified a 
rich flora from the Mamyt formation. This 
flora is not only richer in species than the 
flora of the Khaybulino formation but is differ- 
ent in composition and contains plant associa- 
tions indicative of a sharp climatic change. 
The Mamyt flora contains no Pagiophilum pere- 
grinum Lindl, et Hutt., Hausmannia buchii 
Andr. and other forms occurring, although not 
abundantly, in the Khaybulino formation. 


Besides the widespread transitional forms 
of ferns, conifers, ginkgos and bennettites, the 
lowermost coal ved (IV) is very rich in cycads: 
Nilssonia orientalis Heer, N. Vittaeformis 
Pryn., N. mediana (Lesk.) Fox-Str., N. compta 
Phill. , N. ‘gracilina Heer, N. schmidtii Heer, 
N. cimpersaica Gen., and others which are 


not found in the Khaybulino formation. 
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Such cycads as Nilssonia mediana Lesk. , 
N. acuminata Schenk, Ctenes, Ptilophyllum 
and others are occasionally found in the middle 
and upper parts of the Khaybulino formation. 
These plants are evidently ancestral to the 
cycads, which reached their highest develop- 
ment during the deposition of the Mamyt sedi- 
ments in response to the changing climate. 


Bed IV is a key bed used in tracing the 
boundary between the Khaybulino and Mamyt 
formations, although locally the lithological 
boundary lies a little below it. Near the 
sides of the basin the boundary is sharp and 
is drawn on the lithological basis, but with 
increasing distance from the margins of the 
basin it becomes less pronounced and is drawn 
with the aid of bed IV, a little below its base. 
Where bed IV is absent the boundary is drawn 
by its facies analogue, a cycad-bearing layer 
of clay and silt. In the deepest parts of the 
basin the boundary between the formations is 
so indefinite that it can be drawn only by 


logging. 


Visually the Mamyt formation is distin- 
guished from the Khaybulino formation by the 
proportion of rock types and by a slightly dif- 
ferent mineralogical composition. The Mamyt 
formation is essentially carbonate-free, and 
siderite is very rare in it, while in the Khay- 
bulino formation sand and silt predominate 
over clay, siderite layers are quite common 
throughout its extent and the silty clays are 
often slightly calcareous. Thus, each of the 
two formations has its own persistent litho- 
facies as well as paleobotanical characteristics. 


The flora of the Mamyt formation, deter- 
mined by Genkina, has the following character - 
istic composition: Williamsonia pacifica 
Krysht., W. orientalis Krysht., Coniopteris 
hymenophylloides (Brongn.) Sew., C. furs- 
senkoi Pryn., C. angustiloba Heer, Coniop- 
teris Zindanensis Brick., Cladophlebis denticu- 
lata (Brongn.) Font., Cl. whitbiensis Brongn. , 
Cl. mamitiensis Gen., Cl. lobifolia Krysht. , 
Cl. suluctensis Krysht., Raphaelia diamensis 
Sew., Equisetites ferganensis Sew., E. hallei 
Trom., T. beanii Bunb., Pterophyllum (Ano- 
mozamites) lindleanus Shimp., Ptilophyllum 
cutchensis Morr., Nilssonia orientalis Heer, 
N. vittaeformis Pryn., N. mediana (Lesk) 
Fox-Str., N. compta Phill., N. gracilina 
Heer, N. schmidtii Heer, N. denticulata 
Heer, N. acuminata Presl., Ctenes Jokoyamaie 
Krysht., Ginkgo lepida Heer, G. sibirica 
Heer, G. digitala Brongn., G. concinna Heer, 
Baiera pulchella Heer, Phoenicopsis angusti- 
folia Heer, Ph. speciosa Heer, Czekanowskia 
rigida Heer, Pityophyllum hordenskioldii Heer, 
Brachyphyllum (Stenb.) Sew., Brachyphyllum 
obesum Heer, Pagiopryllum williamsonia Lindl. 
et Hutt., Pagiophyllum setosum Sew., Drepan- 
olepis angustior Nath., Schizolepis braunii 
Schenk, This assemblage dates the formation 
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as Bajocian-Bathonian and correlates it with 
the Zholdybayev formation (Jgbj-bt) of the 
Caspian depression in the region of the South 
Emba oil fields. Moreover, the flora and 
the spore and pollen spectrum of the Mamyt 
formation correlate it very well with the 
Duzbay formation of the Ubogan basin. The 
thickness of the Mamyt formation ranges 
from 42 to 170 meters. The average thick- 
ness is 110 meters. 


The Ziren-Agach formation is widespread 
in the northern part of the interior depression 
of the Orsk Urals in the Baymak, Priirendyk, 
Akkerman and Orsk basins. In the Baymak 
and Priirendyk basins it lies with an erosional | 
unconformity on the Khaybulino formation, and 
in the southern part of the Akkerman basin 
and the northern part of the Orsk basin it is 
conformable on the Mamyt formation. The 
northern areas of the Priirendyk and Baymak 
basins contain mainly fanglomerate sediments 
composed of gravels and coarse sands passing 
to the south into fine-grained sands, silts and 
clays. It was pointed out by Yanshin that the 
deposition of the Ziren-Agach formation was 
preceded by renewed uplift of the anticlines, 
which increased the rate of erosion and caused | 
the deposition of coarse-grained clastics. 


The extent and boundaries of the Ziren- 
Agach formation in the northern part of the : 
Orsk interior basin remain as defined by 
Yanshin. In the Akkerman and Orsk basins 
the formation is represented by vari-colored 
sands and clays. It is distinguished mainly 
on lithological grounds, and its separation is 
confirmed by spore-pollen analysis. Plant 
remains are very rare in it and are poorly 
preserved. The spore-pollen assemblage of 
the Ziren-Agach formation, determined by 
E.N. Silina, is typical of the upper Middle 
Jurassic and contains: Klukia sp., Psophos- 
phaera sp., Cibotium sp., Selaginella, 
Cycadaceae, Polypodiaceae, Caytoniales, 
Podozamites, Tetraporina, Pinacea, Psopho- 
spherae, Trachitriletes sp., Stenozonotriletes, 
Leiotriletes, Leptochylus sp., Lygodium, 
Matonia, Schizaea, Ophyoglossaceae. 


Besides the typical Middle Jurassic forms, 
younger forms have been found in the forma- 
tion, including Brachyphyllum sp., Tetraporina 
and Schizaea. Tetraporina is one of the . 
primitive angiosperms of the transitional zone 
and the upper Middle Jurassic strata. This 
assemblage is younger than that in the Khay- 
bulino and Mamyt formations and dates the 
Ziren-Agach formation as Middle Jurassic. 


The Ziren-Agach formation in the 
Orsk Urals lies at the top of the Middle 
Jurassic section, and in the Akkerman 
basin near the Babak triangulation tower it 
is overlain by Cretaceous and Tertiary 
sediments. 
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THE ALKUN ZONE AND ITS STRATIGRAPHIC SIGNIFICANCE* 


by 


R.G. Dmitriyeva, V.D. Somov and A.K. Bogdanovich 


The finding of new productive gas and 
petroleum deposits in the sediments of the 
Maikop series of the Caucasus demands par- 
ticularly careful investigation of its stratigra- 
phy and the development of a unified system 
of subdivision to replace the numerous local 
systems existing at present [1, 2, 4-7]. 


Of considerable interest in constructing 
such a unified scheme of subdivision is the 
so-called Alkun zone, or, as it is frequently 
called, the ''marl-dolomite complex" [4]. 
This zone, lying in the middle part of the 
Maikop series, is stratigraphically persistent 
and traceable over an extensive area of 
Eastern Ciscaucasia. 


It should be noted that the published data 
on the Alkun zone are very scattered and in- 
complete. This is especially true of the 
carbonate facies of the zone, whose structural 
characteristics and petrography are very little 
known. The paleontology of these sediments 
is also very incompletely known and their 
distribution and boundaries in the investigated 
region have not been agreed upon. 


Having at our disposal extensive observa- 
tions on the stratigraphic position of the 
Alkun zone and on its lithology, petrography 
and paleontology, we decided to publish our 
data and thus fill the gap in the knowledge of 
these sediments. 


Our work is based on field investigations 
made at different times (from 1950 to 1957) 
in Ciscaucasia between the Sulak River in the 
east and the Belaya River in the west. The 
lithological-paleontological laboratory work 
was also used in preparing this paper. The 
fossil floras were determined by E.N. Kara- 
Murza. 


In order to give a clear idea of the charac- 
ter of the Alkun zone in each of the investi- 


1alkunskiy gorizont i yego stratigraficheskoye 
znacheniye, 
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gated areas and of its relation to the under- 
lying and overlying beds, brief descriptions 
of the sections based on our observations are 
given in the first part of the paper. The 
second part contains a general account of 

the zone and a discussion of its stratigraphic 
significance. 


I 


We shall begin the description of the Alkun — 


sediments with the section on the Assa River, 
which was used by K.A. Prokopov [4] as the 
type section of the Alkun zone. This section 
is very well exposed on Alkunka Creek, the 
left tributary of the Assa River, near the 
northern end of the village of Nizhniy Alkun, 
and is described below. 


1. The arenaceous-argillaceous sediments 
of the Mutsidakal formation are overlain by 
dark-gray and gray laminated, noncalcareous 
silty clays containing infrequent layers of 
gray, well cemented siltstone. Elongated 
lenses of dark-gray argillaceous limestone 
with septarian structure and diameters of 
0.3 to 0.5 meter are occasionally found among 
the clays. The clays contain sparse fish fos- 
sils (mainly scales) and occasional very small 
and usually mineralized shells of Globigerina 
sp. and Glimbelina sp. The thickness of the 
clays is about 37.0 meters. 


2. Unit 1 is overlain by the same clays 
with thin layers of gray calcareous siltstone 
increasing in number and thickness towards 
the middle of the section. There are septar- 
ian concretions of dark-gray marlstone and 
argillaceous limestone. The concretions, 0.5 
to 1.5 meters in diameter, increase in num- 
ber in the upper layers and form three or 
four indistinct rows. Fish scales occur spar- 
ingly. The thickness of the unit is not less 
than 30.0 to 35.0 meters, 


3. Higher in the section, along the road 
between the villages of Nizhniy Alkun and 
Muzhichi, lies a bed of very large loaf-like 
lenses of dark-gray very dense dolomitized 


R.G. DMITRIYEVA, V.D. SOMOV AND A.K. BOGDANOVICH 


argillaceous limestone up to 5.0 meters in 
length. The unit is 0.3 to 0.4 meter thick. 


4, Unit 3 is overlain by dark-gray silty 
laminated clay, ferruginous, noncalcareous 
| with infrequent thin (0.01 to 0.02 meter) 
layers of light-gray siltstone. In the upper 
part the clay beds contain a little carbonate 
and become platy. The fossils found in the 
clays include fish scales and a few shells of 
very small foraminifera: Uvigerinella aff. 
californica, Cushm., U. sp., Angulogerina 
sp., Bolivina ex gr. plicatella Cushm., B. 
sp., Cibicides amphysyliensis (Andreae), — 
Nonion martkobi Bogd., N. sp., Discorbis sp. 


and Globigerina sp. 


Sometimes associated with these foramini- 
fera are shells of large strongly mineralized 
globigerina redeposited from the foraminiferal 
deposits. At the top of the clay beds, in the 
platy clays, there are remains of brown 
algae, of the genus Cystoseira: Cystoseira 
aff. partscrii Pila., C. filiformis Sternb. and 
C. sp. Thickness, 19.5 meters. 


5. Above unit 4 lies dark-gray platy slightly 
calcareous silty clay with thin layers of cal- 
careous argillaceous siltstone. The base and 
the top of the unit each contains a layer of 
dark-gray argillaceous platy dolomitic lime- 
stone. The thickness of the layers is 0.10 
and 0.22 meter, respectively. The clay con- 
tains foraminifera and Cystoseira. Its thick- 
ness is 3.5 to 3.7 meters. 


6. The clays higher in the section contain 
rather numerous thin layers of siltstone and 
belong to the Assa zone. No carbonate con- 
cretions have been found in the lower part of 
the zone. 


In this section beds 3 - 5 belong to the 
Alkun zone, and the upper layer, composed 
of platy carbonate and clay layers and con- 
taining algae, may be separated as the Cysto- 
seira argillaceous dolomite bed. The thick- 
ness of the Alkun zone on the Assa River is 
23 meters. In our opinion the underlying beds 
1 and 2 belong to the Argun zone. 


To the east of the section just described, 
we investigated the Alkun sediments along the 
Chanty-Argun and Sulak rivers. 


The sequence of units in the section on the 
left bank of the Chanty-Argun River above the 
village of Shishki is as follows: 


1. The Mutsidakal arenaceous-argillaceous 
sediments are overlain by dark-gray noncal- 
careous clay containing infrequent thin silt- 
stone layers. Ellipsoidal septarian concretions 
of brown marlstone appear 30 to 35 meters 
above the base. They are up to 0.6 to 1.0 
meter in length and sometimes form rows. 


V3 


The clay contains a few small fish scales. 
Thickness — 110 to 115 meters. 


2. Above unit 1 lies dark-gray, slightly 
silty, noncalcareous clay with relatively small 
separate lenses of marlstone and a 0.3 meter 
layer of dark-gray marlstone at the base. 

The clay contains a few fish scales. Thick- 
ness — 2.8 to 3.0 meters. 


3. This unit contains the same clay with 
small marlstone lenses and a layer of elon- 
gated lenses of dark-gray marlstone at the 
base. Thickness — 9.3 meters. 


4. Overlying unit 3 is dark-gray, slightly 
silty, noncalcareous clay with thin partings 
of dark siltstone and infrequent small flat 
lenses of marlstone. At the base there are 
large loaf-like concretions of dark-gray, 
locally platy argillaceous limestone 3.0 to 
4.0 meters long and 0.6 meter thick. At the 
top there is a layer of gray platy dolomitized 
limestone 0.4 meter thick. A few fish scales 
occur in the clay, and the platy marlstone 
and dolomitized limestones contain rather 
abundant impressions of Cystoseira sp. and a 
few fish scales. Thickness — 12 to 13 meters. 


5. Unit 4 is followed by dark-gray, lami- 
nated, micaceous silty clay with rather num- 
erous thin partings and occasional lenses of 
gray siltstone. At the very base, directly on 
the platy dolomitized limestone of unit 4, there 
lies a small lens of similar limestone 0.7 
meter in diameter and 0.5 meter in thickness. 
The exposed thickness of the unit is 30 to 40 
meters. Above this unit the sediments are 
concealed for a considerable interval. 


Unit 1 of this section corresponds to the 
Argun zones first separated here by N.S. 
Zolotnitskiy (1938), units 2 - 4 we refer to 
the Alkun zone, and unit 5 to the Assa zone. 
Thus the sediments of the Alkun zone on the 
Chanta-Argun River are up to 25 meters 
thick and contain four layers of marlstone 
and dolomitized limestone. The upper two 
layers (unit 4) are platy, contain algae and 
may be correlated with the Cystoseira argil- 
laceous dolomite bed separated by us on the 
Assa River. 


In the region of the Sulak River the Alkun 
sediments were studied only on the left bank 
along Riki-Kol gully, which opens into the 
Sulak River a little above the abandoned vil- 
lage of Zuramakent. Here, on the right bank 
of the gully almost at the top of the spur, lie 
the Mutsikdal sediments composed of dense 
laminated clay with layers of cross-bedded 
siltstone. Down the gully and stratigraphically 
higher are: 


1. Clays, gray, dense, laminated and non- 
calcareous, with occasional layers of cross- 
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bedded siltstones and a few lenses of siderite. 
The clays contain a few fish fossils. Thick- 
ness about 30 meters. 


2. The same clays with rather numerous 
septarian marlstone and argillaceous lime- 
stone. The concretions are in more or less 
regular rows (up to six rows) and are 1.0 to 
1.2 meters in diameter. The clay also con- 
tains very thin and sparse partings of silt- 
stone. The thickness of the unit is 8 meters. 


3. The same clays, but strongly enriched 
in jarosite, which gives them a lighter yel- 
lowish color. Septarian concretions are ab- 
sent, but layers of gray siltstones are com- 
mon and range from very thin to 5 to 10 
centimeters in thickness. Moreover, the 
upper part of the unit contains very few small 
lenses of dark-gray dense siderite. The only 
fossils are occasional fish scales. The thick- 
ness is about 100 meters. 


4, Gray noncalcareous laminated clays with 
numerous patches of jarosite and three layers 
of carbonate rocks. The lowermost of these 
is a 0.4 meter layer of very large closely 
spaced and even coalescing lenses of light-gray 
argillaceous limestone. The middle layer is 
composed of dark-gray dolomitized limestone 
locally swelling into lens-like forms and pos- 
sessing well developed platy structure; its 
thickness is 0.25 to 0.30 meter. The upper 
layer consists of concretions of the same 
dolomitized limestone and is up to 0.25 meter 
in thickness. A few fish scales occur in the 
clay. The middle layer of dolomitized lime- 
stone contains numerous fish fossils (scales, 
bone fragments) and fragments of algae: 
Cystoseira aff, partschii Pilar. and C. sp. 
Total thickness — 14 meters. oi 


The three carbonate layers of unit 4 are 
easily traced at the base of the right bank of 
Riki-Kol gully near its mouth. Higher up the 
gully these layers outcrop on its floor and 
still higher on its left bank. Here, lying 
directly on unit 4, are: 


5. Dark-gray laminated noncalcareous clays 
with abundant patches of jarosite and very in- 
frequent siltstone partings. In the upper part 
of the unit there are very large (up to 1 to 
2 meters in diameter) Septarian concretions 
of marlstone and dolomitized limestone. The 
concretions lie in 3 to 4 rows. Thickness — 
55 to 60 meters. 


This section corresponds to a considerable 
part of the Riki zone described by N.S. Shat- 
skiy in 1929 and is subdivided by us as fol- 
lows: units 1 to 3, we refer to the Argun 
zone; unit 4, to the Alkun zone; and unit 5, 
to the Assa Zone. 


In the Sulak River section the Alkun zone 
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is represented by about 14 meters of clay 
containing three layers of dolomite and lime- 
stone. The middle layer has well developed 
platy structure, contains numerous remains 
of algae and correlates with the above de- 
scribed Cystoseira bed. It should be added 
that these three carbonate layers in Riki-Kol 
gully were first described by K.A. Prokopoy 
and A.A. Khutsiyev in 1933 and correctly 
regarded by them as analogues of the Alkun 
zone on the Assa River. The same authors 
state that the Alkun limestone-dolomite se- 
quence of Riki-Kol gully is underlain by the 
arenaceous-argillaceous sediments of the 
Mutsidakal formation. As can be seen from 
the above description of the section, its upper 
part (units 1 - 3) contains in some places 
large septarian concretions which indicate that 
the sediments are analogues of the Arguz Zone, 
This zone is underlain by the sand-clay se- 
quence referred by Shatskiy [7] to the Mutsi- 
dakal zone. 


To the west of the Assa River we investi- 
gated the Maikop sections on the Fiagdon, 
Urukh, Kuban' and Belaya Rivers. 


On the right bank of the Fiagdon River, 3 
kilometers above the village of Dzaurikau, the 
Mutsidakal sands and clays are followed by an 
interruption in the exposure and then by: 


1. Dark-gray, sometimes greenish lami- 
nated clays essentially noncalcareous, with 
thin partings of fine-grained gray sand and 
siltstone. The clay contains occasional very 
small Globigerina sp., Ammodiscus aff. 
tenuiculus Subb., Haplophragmoides sp. and 
fish fossils. There are many interruptions 
in the exposure of this unit. Its thickness 
is 90 to 100 meters. 


2, Lithologically similar clay containing a 
large ellipsoidal concretion of argillaceous 
limestone at the base. The concretion is over 
1.5 meters in length and about 0.4 meter in 
thickness, 


3. The same clay with a row of concre- 
tions of dark-gray dolomitized argillaceous 
limestone (up to 0.5 m in length) at the base. 
Thickness about 2 meters. 


4, The same clays with a layer of dark- 
gray platy dolomitic limestone up to 0.4 meter 
in thickness at the base. The individual lenses 
are often 2.0 meters in length and contain 
imprints of Cystoseira sp. The clay contains 
sparse Ammodiscus sp. and fish scales. 
Thickness 12.0 — 12.5 meters. 


5. Unit 4 is followed by a layer of yellow- 
ish-gray dolomitic limestone in loaf-like 
lenses up to 2.0 meters in length. Thickness 
0.2 meters. 
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6. Higher, on the right bank of the river, 
extending nearly to the bridge, there is a 
frequently interrupted outcrop of dark-gray 
laminated noncalcareous, usually silty clays 
with occasional partings of gray siltstone. 
Septarian marlstone concretions up to 0.3 
meter in length and 0.12 meter in thickness 
occur sparingly 35 to 40 meters above the 
base of the unit. The clays contain a few fish 
scales and occasionally very small shells of 


_ Globigerina sp. and small monaxons of sili- 


ceous sponges. The exposed thickness of the 
unit does not exceed 110 to 114 meters. 


In this section, units 2 to 5 must be refer- 
red to the Alkun zone, unit 1 represents the 
upper and greater part of the Argun zone, and 
unit 6 the Assa zone. Thus, the Alkun zone 
on the Fiagdon River contains three layers of 
limestone and dolomite, of which the middle 
one (in unit 4) has platy structure, contains 
imprints of algae and corresponds to our 
Cystoseira bed. The thickness of the Alkun 
zone is up to 35 to 36 meters, 


On the right bank of the Urukh River near 
the village of Akhsarisar the arenaceous- 
argillaceous sediments of the lower Maikop 


are followed after a considerably disconformity 


by the following units: 


1. Dark-gray, sometimes greenish lami- 
nated noncalcareous sandy and silty clay with 
infrequent partings of yellowish-gray siltstone. 
The clay contains a few fish remains (mainly 
scales), Thickness 15 to 16 meters. 


2. The same clays with thin lenses of gray 
noncalcareous siltstone and rather numerous 
septarian concretions of gray marlstone and 
argillaceous limestone lying in three fairly 
regular rows. The diameter of the concre- 
tions ranges from 0.3 to 1.0 meter. A few 
fish scales. Thickness 8 to 9 meters. 


3. Loaf-like lenses of dark-gray dolomitized 
marlstone up to 2 meters in length. Thickness 
about 0.4 meter. 


4, Dark-gray thin-bedded clays silty and 
sandy, mainly noncalcareous locally calcare- 
ous, with two rows of flat argillaceous lime- 
Stone concretions. The length of the concre- 
tions is up to 1.0 meter; their thickness 0.15 
to 0.20 meter. The clays contain fish scales, 
and the calcareous clays, relatively few 
Bolivina ex. plicatella Cushm., Uvigerinella 
sp. (young Uvigerinella ex. gr. californica 
Cushm.?), Nonion martkobi Bogd., Globigerina 
sp. and Orbulina (?) micra Subb. Thickness 
about 15 meters. 


5. Same clays with a layer of large lenses 
(up to 1.0 to 1.5 meter in diameter) of gray 
argillaceous limestones at the base. The clays 
contain a few fish fossils and occasional very 
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small foraminifera: Bolivina ex. gr. plicatella 
Cushm., B. sp., Uvigerinella sp., Eponides 
sp., Orbulina (?) micra Subb. and Globigerina 
sp. Besides this microfauna, the six-rayed 
spicules of siliceous sponges are occasionally 
found. Thickness about 1 meter. 


6. A layer of gray platy dolomite with a 
few fish scales. Thickness 0.6 meter. 


A recent slide made it impossible to ex- 
amine the unit overlying unit 6. According to 
V.N. Golozubov, who described the Maikop 
series on the Urukh River in 1949, the platy 
dolomite is overlain directly by: 


7. Dark-gray thin bedded sandy and silty 
noncalcareous clay containing thin (up to 0.01 
meter) lenses of siltstone and large septarian 
marlstone concretions with diameters from 
1.0 to 1.5 meters. The concretions appar- 
ently form two poorly defined rows. Thick- 
ness about 13 meters. 


Unit 7 is overlain by lithologically similar 
clay locally containing large septarian con- 
cretions and belonging to the Assa zone. 


Units 1 - 3 of the above section we refer 
to the Argun zone; units 3 - 6, and tentatively 
unit 7, to the Alkun zone. The latter con- 
tains 5 to 7 layers of limestone and dolomite, 
and the platy layer very likely corresponds to 
the Cystoseira bed of the preceding sections. 
The thickness of the Alkun zone in this sec- 
tion is apparently 30 meters. 


On the Kuban’ River the part of the Maikop 
series under discussion is exposed on-the right 
bank of the river near Cherkassk, between a 
small bridge leading to the city park on an 
island and the northern city limits. Here, 
about 40 to 50 meters above the top of the 
Khadum zone, lie the following rocks, in 
ascending order: 


1. Dark-gray brownish thinly laminated 
noncalcareous clay containing infrequent layers 
and small lenses of brownish-gray marlstone. 
In the upper part of the unit the number of 
marlstone inclusions increases and they take 
the form of elongated rounded, mostly sep- 
tarian concretions. The concretions form 
rows spaced 10 to 15 meters apart. They 
are usually small, but sometimes reach 1 to 
1.5 meters in diameter and 0.5 meter in 
thickness. The clay contains fish fossils. 

The thickness of the unit is 100 to 110 meters. 


2. The same clays with two rows of loaf- 
like lenses of gray argillaceous limestone. 
The lenses almost coalesce and are 3.0 to 
4.0 meters long and 0.5 meter thick. Thick- 
ness 4 meters. 


3. The same clays but with more numerous 
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lenses of dolomitized marlstone and limestone 
lying in three rows. Thickness 8.0 to 8.5 
meters. 


4, Dark-gray layered noncalcareous clay. 
Slightly calcareous clay occurs in the upper 
part of the unit and contains very scarce 
randomly distributed marlstone and limestone 
concretions. At the top there are enormous 
brownish-gray loaf-like concretions of dolomi- 
tized marlstone with an exposed length of over 
2.0 meters and thickness of 0.5 to 0.5 meter. 
The calcareous clay contains occasional Boli- 
vina ex gr. plicatella Cushm., Discorbis sp., 
Ammodiscus tenuiculus Subb and bean-like 
spicules of siliceous sponges. Thickness 9 
to 10 meters. 


5. Clay similar to the preceding but more 
calcareous. At the base of the unit half a 
meter above the level of the loaf-like concre- 
tions of unit 4 there is a layer of enormous 
lenses of platy dolomitized dark marlstone 
lying close together. The length of the lense 
is over 2 meters and the thickness up to 0.25 
meter. At the top of the unit lies a layer of 
marlstone lenses identical in composition but 
lying far apart. In both layers of marlstone 
lenses and in the clay between them, frag- 
ments of Cystoseira sp. were found. The 
clay also contains fish scales, rather abundant 
Bolivina ex gr. plicatella Cushm., Uvigerinella 
sp., occasional Ammodiscus tenuiculus Subb. 
and spicules of siliceous sponges. Thickness 
4 meters. 


6. The same clay, both calcareous and 
noncalcareous, with relatively thin layers and 
elongated lenses of dark-gray platy dolomitized 
marlstone. The largest number of marlstone 
lenses is in the middle part of the unit, where 
they can be traced in three to four rows 
spaced 2 to 3 meters apart. The clay con- 
tains fish scales and occasional spicules of 
siliceous sponges. Thickness 16 to 20 meters. 


7. A layer of enormous loaf-like concre- 
tions of dark-gray dolomitized marlstone and 
dolomitic limestone similar in appearance to 
the carbonat rocks of units 2 and 5. The 
length of concretions is about 2.0 meters. 
The thickness of the unit is 0.5 meter. 


8. Dark-gray, noncalcareous clay with two 
rows of concretions of gray dolomitic lime- 
stone in the lower part of the unit. The con- 
cretions are septarian and reach 0.7 meter 
in diameter. The clays yielded a few fish 
fossils. The exposed thickness of the unit is 
about 5 to 6 meters. The beds above it are 
concealed for a considerable distance. 


This section of the Maikop series on the 
Kuban’ River was described by Prokopov in 
1937 under the name of Batalpashinsk zone. 
The upper part of the section, i.e. unit 8, 
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apparently corresponds to the septarian zone 
of the same author. A comparison of these 
sediments with the other sections of the Mai- 
kop series enables us to refer units 2 to 7 
to the Alkun zone, and the upper part of 

unit 1, containing rather numerous septarian 
concretions, to the Argun zone. The lower 
clay of unit 1, with very sparse carbonate 
inclusions, must correspond stratigraphically 
(down to its contact with the Khadum zone) to 
the sandy-clayey Miatlin-Mutsidakal sequence 
of Eastern Ciscaucasia. 


Thus, the Alkun zone is represented on the 
Kuban’ River by clay beds containing 10 to 12 
layers of carbonate rocks (marlstone, dolo- 
mite and limestone) and is up to 42.0 to 45.0 
meters in thickness. The two rows of lenses 
of platy dolomitized marlstone with algae 
(unit 5) in its middle part undoubtedly corre- 
spond to the clay-dolomite Cystiseira bed. It 
is very probable that it is precisely these 
beds and the underlying sediments of unit 4 
that were regarded by N.S. Zolotnitskiy as 
the analogues of the Alkun sediments. 


The last of the sections examined by us is 
on the right bank of the Belaya River near the 
mouth of the Gyunt' gully about 0.5 kilometer 
below Abadzekhskaya station. Here, above 
the sediments of the so-called Abadzekh for- 
mation defined by S.T. Korotkov (1940) and 
above a considerable interval without expo- 
sures, lies the following sequence of beds in 
ascending order: 


1. Dark-gray laminated noncalcareous clay 
with two rows of argillacsous limestone lenses 
lying 7 to 10 meters apart and reaching 0. 4 
to 0.7 meter in diameter and 0.10 to 0.15 
meter in thickness. The clay contains a few 
fish scales. The thickness of the unit is 
about 6 to 8 meters. 


2. No outcrops for about 4 to 5 meters. 


3. Light-gray laminated clays, locally 
platy and calcareous to varying degrees. 
At the base of the unit there is a row of 
strongly flattened limestone concretions up 
to 0.3 to 0.5 meter in diameter and up 
to 0.1 meter in thickness. In the middle 
part of the unit lies a second row of argil- 
laceous limestone inclusions in the form of 
large (up to 0.8 meter) pancake-like lenses 
with platy structure. The clay locally con- 
tains imprints of algae very similar to Cys- 
toseria sp., occasional very small petropods, 
possibly Spiralis, and rather abundant fora- 
minifera: Bolivina ex gr. plicatella Cushm., 
B. ex gr. floridana Cushm., Virgulinella 
sp., Uvigerinella aff.- californica Cushm. , 
Cibicides amphisyliensis (Andreae), Discorbis 
sp., Ammodiscus tenuiculus Subb, and some 
others. The thickness of the unit is about 
10 to 11 meters. 
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The sediments above unit 3 are concealed 
ora considerable distance and then follow 
he sands and clays of Korotkov's so-called 
foskovgory formation. 


_ The investigated part of the section (units 
_- 3) probably corresponds to the upper part 
f Korotkov's Abadzekh formation or to his 
‘beds with septarian concretions" which he 
sorrelates with the Alkun zone. The exposed 
yortion of the zone on the Belaya River is 
omposed of clays with exposed thickness of 
to 30 meters. Of the four carbonate lay- 
2rs, the upper layer and the clays with iin- 
brints of algae enclosing it evidently corre- 
sponds to the Cystoseira argillaceous-dolomite 
ved described by us from the eastern sections. 
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_ An analysis of the sections of the Alkun 
zone shows that it is composed mainly of 
clays with included carbonate rocks varying 

in form and structure. The clays are dark- 
gray, sometimes greenish or brownish, and 
include noncalcareous and silty varieties. In 
some sections the clays are calcareous and 
almost free of silt. The clays are usually 
dense and unstratified, but have flaky cleavage 
and platy structure. The platy clays break up 
into large plates of varying thickness. 


Occasionally stratified clays are found, the 
finer stratification being due to alternation of 
layers of dark-gray clay and gray silt and the 
coarser, to the presence of widely spaced 
layers of siltstone. The main material of the 
clays is hydromica occurring in fine scales 


‘ FIGURE 1. 


The clays of the Alkun zone contain sparse 
fish fossils (mainly small scales) and locally 
impoverished faunas of undersized foramini- 
fera: Uvigerinella aff. californica Cushm. , 

U. sp., Bolivina ex gr. plicatella Cushm., B. 
ex gr. floridana Cushm., Angulogerina sp., 
Nonion aff. martcobi Bogd., N. sp., Cibicides 
amphysiliensis (Andreae) Discorbis sp. and 
some others. This assemblage is usually 
found in slightly calcareous clays and is known 
from sections on the Assa, Urukh, Kuban' 
and Belaya rivers. It is important to note 
that the platy variety of clay from the Assa 
River section contains rather abundant re- 
mains of brown algae: Cystoseira filiformis 
tsernb., C. aff. partschii Pilar and C. sp. 


The carbonate rocks are a characteristic 
feature of the Alkun zone and are usually 
marlstones, argillaceous limestones and 
argillaceous dolomitic limestones. They occur 
in small concretions or in very large loaf- 
like lenses (over 2 m in length) lying in con- 
tact with one another or apart and in contin- 
uous layers. 


The small concretions and loaf-like lenses 
often have septarian structure and are com- 
posed of marlstone and argillaceous limestone 
frequently partly dolomitized. The carbonate 
content in the marlstones does not exceed 
68-74%, but in the limestones it is 80-85%. 
No regularity has been observed in the distri- 
bution of the carbonate rocks in the zone. 
The small concretions occur at random 
throughout the clays, but sometimes form 
rows wedging out along the strike. The large 
loaf-like lenses usually lie in rows which are 
quite persistent in some regions but are not 
restricted to any particular level within the 


Platy dolomitized limestone with Cystoseira. 
On the Chanta-Argun River. 
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zone. The number of such rows of marlstone 
or limestone lenses varies from two (Sulak 
River) to three and four (Urikh and Kuban' 
rivers). 


The continuous carbonate layers in almost 
all sections are composed of dolomitic lime- 
stone and only infrequently (for example on 
the Chanty-Argun River) of dolomitized lime- 
stone containing from 76 to 85% of soluble 
matter. A very characteristic feature of 
these rocks is their platy structure and the 
constancy of their paleontological character - 
istics. In most sections these rocks contain 
Cystoseira aff. partschii Pilar and Cystoseira 
(Figs. 1 and 2). Very often, one or two 
carbonate layers lie in the middle or upper 
part of the Alkun zone. In some sections (on 
the Fiagdon, Kuban' and Belaya rivers) these 
layers are not continuous but consist of sepa- 
rate large lenses all with platy structure and 
the same assemblage of brown algae. 


A brief account of the microscopic charac- 
teristics of the carbonate rocks is given below. 


The marlstones and argillaceous limestones 
of the Alkun zone consist mainly of crypto- 
crystalline calcite (0.005 - 0.008 mm) with a 
greater or less amount of clay. Sometimes 
the cryptocrystalline calcitic groundmass con- 
tains grains of siderite and dolomite (0.05 - 
0.06 mm), The detrital material is usually 
absent. 


The groundmass of the dolomitic limestones 
is composed mainly of small rhombohedra of 


dolomite ranging from 0.03 - 0.05 to 0.01 - | 
0,02 millimeters in size, lying close together 
and forming a mosaic. The interstitial ma- | 
terial is cryptocrystalline calcite with grains) 
not exceeding 0.008 - 0.016 millimeters in 
diameter. It should be noted that the carbon: 
ate material of these dolomites usually forms) 
alternating layers of cryptocrystalline calcite | 
with argillaceous admixture and of fine- 
grained mosaic consisting almost entirely of 
dolomite rhombs. It is not improbable that 
the platy structure so characteristic of the 
dolomitic limestones is due to this alternatior) 
of calcite and dolomite layers. 


It is noteworthy that the texture and com- | 
position of the carbonate rocks persists witha 
out any notable change over the entire inves- | 
tigated area. An exception to this are the | 
platy carbonate inclusions (lenses) in the | 
Belaya River section which are composed of | 
slightly dolomitized argillaceous limestone 
with the soluble part amounting to 85 to 92%. 
The microscope shows that these rocks have 
a groundmass of cryptocrystalline calcite 
containing small, rather evenly distributed 
spots of gel-like argillaceous material. 


These data show that the Alkuz zone pos- © 
sesses certain definite lithological and in part 
paleontological characteristics. In our opinion 
the most important of these is the presence o: 
a persistent platy bed of argillaceous dolomite 
with Cystoseira. This platy dolomite (occur- 
ring in one or two layers) and the enclosing 
clay contain, in most of the sections, the 
characteristic imprints of algae of the genus 


FIGURE 2. 
with imprints of 


Cystoseira 
(Sulak River) 
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Dolomitized limestone 
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FIGURE 3. Correlation of sections of the Alkun zone of Ciscaucasia. 3 : 
oO 
| -- Belaya; 11 -- Kuban', III -- Urukh; IV -- Fiagdon; V -- Assa (Alkunka) Ba 
VI -- Argun; VII -- Sulak (riki-Kol). 1 -- clays; 2 -- siltstones; 3 -- limestones; S 
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platy dolomite with Cystoseira. ss 
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Cystoseira. Moreover, the clay of this bed 
(usually slightly calcareous) on the Assa and 
Belaya rivers contains most of the foramini- 
fera listed above, including the typical Uvi- 
gerinalla aff. californica Cushm., Bolivina ex 
gr. floridana Cushm., and Nonion aff. mart- 
cobi Bogd. 


The Cystoseira argillaceous dolomite usu- 
ally lies in the middle part of the Alkun zone 
and, considerably less frequently, in its up- 
permost part (Fig. 3). It may be supposed, 
however, that the variation in the position of 
the dolomite is only a matter of appearance 
depending on the inexact marking of the top 
of the zone. Indeed, in the majority of sec- 
tions (for example on the Sulak, Fiagdon and 
Kuban’ rivers) above the argillaceous dolomite 
bed there are one or two rows of large loaf- 
like marlstone and argillaceous limestone 
lenses undoubtedly belonging to the Alkuz 
zone. In the sections on the Chanty-Argun 
and Assa rivers (along its tributary, the 
Alkunka River), the Cystoseira bed is not 
overlain by clearly defined layers of carbon- 
ate lenses and so appears to form the top of 
the zone. The possibility is not excluded, of 
course, that the apparent absence of these 
layers in the last two sections is a local 
feature due partly to poor exposure and that 
the Cystoseira bed occupies here the same 
middle position in the zone as in all other 
sections, 


The position of the lower. boundary of the 
Alkun zone is not very clear, and we are not 
completely convinced that it lies at the same 
stratigraphic level in all regions and espe- 
cially in those distant from each other. The 
deviations of this boundary from the true 
position are not great, however, for the 
entire Alkun zone is relatively thin. 


The lower boundary of the Alkun zone is 
usually marked at the first appearance in the 
section of rather large loaf-like marlstone or 
limestone lenses, frequently arranged in 
rows. 
from the similar inclusions in the underlying 
Argun zone mainly by their structural charac- 
teristics and to some extent by their form. 
The carbonate inclusions of the Alkun zone 
are usually flattened lenses with poorly devel- 
oped septarian structure or even without it. 
The analogous structures in the Argun zone 
are usually better rounded, sometimes nearly 
spherical concretions with well developed 
septarian structure, 


It should be added that the same differ- 
ences exist between the carbonate inclusions 
of the Alkun and Assa zones. Another dis- 
tinctive characteristic of the Alkun carbonate 
rocks is the varying degree of their dolomiti- 
zation. This characteristic is present to a 
very small extent in the analogous rocks of 
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These carbonate rocks are distinguished 


the Argun zone and is completely absent 
from those of the Assa zone. 


In connection with the boundaries of the | 
Alkun zone it should be noted that the thick-' 
ness of the zone in the investigated area 
varies within rather narrow limits at any 
given exposure and increases regularly from) 
east to west, from 14 meters on the Sulak 
River to 45 meters on the Kuban' River. Th 
thickness of the Belaya River section could 
not be measured. 


It may be concluded on the basis of the | 
presented data that the Alkun zone with the | 
typical platy argillaceous dolomite bed stands 
out quite clearly in the Maikop series over 
the entire area investigated by us and may | 
serve as an excellent key zone in geologic 
mapping. It is important to emphasize that 
this zone, known until now only from the i 
region of Chernyye Mountains, was traced by 
us on the basis of its lithological and paleon 
tological characteristics in the Central and 
Western Ciscaucasia, where it had not been 
observed before. On the Kuban’ River the 
typical carbonate rocks of the Alkun Zone, 
including the platy Cystoseira dolomite, were 
traced by us in that part of the Maikop 
series which corresponds to the upper parts | 
of the Batalpash zone of Prokopov's [5] local 
stratigraphic section and to a considerable 
part of his Septarian zone (Fig. 3). 


In the Belaya River section (Western Cis- 
caucasia) the analogues of the platy argilla- 
ceous dolomite with Cystoseira and a charac 
teristic assemblage of foraminifera were 
found by us at the top of the so-called Abad- 
zekh zone of S.T. Korotkov [1]. 


Thus, the Alkun carbonate rocks with 
Cystoseira may be safely used in correlating 
widely separated sections, in comparing loca 
schemes of subdivision of the Maikop series 
and in working out a unified stratigraphic 
section of these sediments. 
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LOWER SILURIAN DEPOSITS 


OF SOUTHEASTERN TRANSBAIKALIYA ”~ : 


V.N. Kozerenko and A. A. Lokerman 


The fact that many deposits in the poly- 
metallic belt of Eastern Transbaikaliya are 
localized in the Lower Paleozoic rocks makes 
the investigation of these strata particularly 
important. 


Asa result of geologic mapping in 1946- 
1951 (by D.I. Gorzhevskiy, N.S. Gorshkov, 
E.M. Laz'ko, G.B. Mitich, A.F. Mushnikov 
and others), the Lower Paleozoic series of 
southeastern Transbaikaliya was divided into 
the following conformable formations [1]: 


1) the Bystrinsk formation, with an 
exposed thickness of 1000 to 1200 meters, 
composed of limestones, dolomitic lime- 
stones, beds of phyllite, and locally shales 
at the base; 


2) the Altacha formation, about 2000 
meters thick, composed of argillaceous 
shales, phyllites and siltstones, with beds of 
limestone sandstone; 


3) the Nerchinskiy-Zavod formation, up 
to 2000 meters thick (up to 1500 meters, 
according to new data), composed of dolo- 
mites and dolomitic limestones with beds of 
argillaceous marly shales; and 


4) the Blagodatskiy argillite formation, 
with beds of quartzites and limestones and a 
thickness of 600 meters. 


The thick carbonate sequence which occurs 
in the lower part of the section in many 
places in southeastern Transbaikaliya (the 
Argun’ River region) was referred to the 
Bystrinskiy formation on the basis of compari- 
son with the standard section in the Gazimurov 
Zavod region, where this formation was first 


10 nizhnesiluriyskikh otlozheniyakh yugovastochnogo 
zabaykal'ya. - 

?This article, in an abbreviated form, was published 
in Doklady of the Academy of Sciences, USSR, v. 123, 
no, 6, 1958. Through no error of the authors, in the 
title and in many places in the text, the phrase" Lower 
Silurian deposits" was replaced by "Ordovician depos- 
its" and the term "Lower Paleozoic series" by "Ordo- 
vician series." 
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defined. There it occupies an analogous 
position in the section and on the basis of its 
archaeocyathid fauna is referred to the Lower 
or Middle Cambrian. 


The age of the Altacha and of the lower 
part of the Nerchinskiy-Zavod formations was 
formerly believed to be Lower Cambrian- 
Ordovician on the basis of the finds of blue- 
green algae and also because the overlying 
Blagodatskaya formation contains character - 
istic Silurian fauna. 


It should be noted that at first [2] the 
Blagodatskaya formation was considered as 
resting unconformably on Lower Paleozoic 
rocks, but after Gorshkov's investigation the 
idea of its conformity with the underlying 
strata was generally accepted. This forma- 
tion was knewn from one small area only, 
and therefore, in spite of its very character - 
istic lithology (brightly colored argillites), 
could not be used as a key formation in 


mapping. 


The Bystrinskiy, Altacha and Nerchinskiy- 
Zavod formations are widely distributed in 
southeastern Transbaykaliya. The absence of 
faunas and of reliable key beds and the pres- 
ence of overturned folds masking the actual 
age sequence make the mapping of these for- 
mations.very difficult and often introduce 
inaccuracies into the stratigraphic sections. 


Some investigators doubt the presence in 
southeastern Transbaykaliya of two carbonate 
formations of different ages and the existence 
of the Nerchinskiy-Zavod formation is either 
denied or else it is combined with the Blago- 
datskiy formation. 


Recently obtained data show that these 
ideas have no basis, confirm the accepted 
stratigraphic section, and introduce a few 
corrections into it. 


That the very thick limestone beds at the 
base of the Lower Paleozoic series belong to 
the Bystrinskiy formation was proved beyond 
doubt in 1957 when G.I. Knyazev, S.P. Kruzir 
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id others found abundant remains of archaeo- 
yathids in the carbonate beds near the village 
' Georgievka (northwest of Nerchinsk mill) 
hich were formerly assigned to the forma- 
on on indirect evidence only. 


In the Altacha formation at a number of 
icalities spores and pollen have been found 
hich, in the opinion of Yu.A, Alyushinskiy 
id E.Z. Isagulov, are characteristic of the 
sper half of the Cambrian. 


The most conclusive evidence for the solu- 
on of the debatable questions of Lower Paleo- 
9ic stratigraphy was the discovery by Loker- 
an and Parkhomets in 1957 of a fauna which 
roves that the upper part of the Nerchinskiy- 
avod formation is Lower Silurian. Before 
lat, no faunas were known from this forma- 
on, and the presence of Lower Silurian beds 
1 southeastern Transbaykaliya was assumed 
jt not proved. It was shown at the same 
me that the view that the Blagodatskiy for- 
lation rests conformably on the Nerchinskiy- 
avod formation and is of Silurian age is 
rroneous. 


Let us review the facts on which these 
onclusions are based. 


The fauna of the Nerchinskiy-Zavod forma- 
on was found on Mt. Blagodatskaya 10 kilo- 
eters south of Nerchinskiy Zavod, in the 
juthwestern part of a large exposure, in a 
irge syncline complicated by minor folds and 
iults. The predominant rocks of the forma- 
on are light-gray dolomitic limestones and 
Slomites, usually cryptocrystalline or fine- 
rained, and frequently silicified. Much less 
bundant are dark, carbonaceous and marly 
mestones. Lenses of dark-gray, reddish 
ad greenish argillaceous and marly shales 
59 to 70 to 80 meters in thickness occur 
>casionally in different parts of the section, 
it most commonly in its lower part, where 
ley are usually dark and rich in carbonaceous 
latter, and its upper part, where light- 
slored marly shales predominate. In the 
erchinskiy-Zavod area of carbonate rocks 
ere are several thin beds of conglomerate 
omposed of well rounded pebbles of carbonate 
ocks and arenaceous-calcareous cement. The 
xposed thickness of the Nerchinskiy-Zavod 
yrmation in this region is not over 1500 
leters. 


The Mt. Blagodatskaya area where the 
luna was found has a very complex structure. 
is the only place in the Argun’ River region 
here in a narrow zone, which according to 
1e geologic map is a down dropped block of 
le axial part of a syncline bounded by faults, 
lmost the entire upper part of the Lower 
aleozoic section can be seen, i.e. the Ner- 
hinskiy-Zavod, Blagodatskiy and Verkhnyaya 
orzya formations (the age of the last named 
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being within the D3-Cy interval). 


According to geologic maps, the upper 
part of the Nerchinskiy-Zavod formation is 
exposed in this region and contains the fol- 
lowing rocks: 


1. Massive, gray dolomitic limestones, 
locally silicified and usually fine-grained. 
The exposed thickness is over 2000 meters 
(including borehole data). 


2. Argillaceous shales, thin, gray and 
dark-gray, with occasional layers enriched in 
carbonaceous and clastic material; thirty to 
forty meters in thickness. 


3. Massive gray dolomitic limestones 
identical with those at the base of the section 
and up to 150 meters in thickness. 


4, Marly thin-bedded reddish limestones, 
platy; twenty to forty meters thick. 


The limestones. merge gradually into: 


5. Marly and argillaceous-marly reddish 
and greenish-gray shales with exposed thick- 
ness of fifty meters. The shales contain 
lenses of light-gray dolomitic limestone and 
of conglomerate composed of well rounded 
limestone pebbles and shale fragments, 
cemented with arenaceous-argillaceous mate- 
rial containing small shell fragments. In 
places the rock becomes a coquina with a few 
pebbles. 


In the upper part of the section, in the 
marly shales and in the layers of coquina and 
limestone conglomerate, the following fossils 
have been found: Tuvaella rackovskii Tschern. , 
Dalmanella sp., Leptaena cf. rhomboidalis 
Wilck., Stropheodonta sp., Stegerhynchus 
decemplicatus Sow. var. angasiensis Tschern., 
Camarotoechia sp., Atrypa sp., Spirifer cf. 
pedaschenkoi Tschern., S. sp., Eospirifer sp. 


The fossils were identified by Ye.A. Ivanova 
and independently by O.N. Nikiforova and V.E. 
Kyrvel, and were unanimously assigned to the 
Wenlockian stage of the Lower Silurian. 


Let us consider the evidence that the beds 
containing this fauna belong to the Nerchinskiy- 
Zavod formation. 


From the main area of the development of 
this formation the area of Mt. Blagodatskaya 
is separated by a saddle up to 200 meters in 
width. The limestones outcropping on the 
mountain are lithologically indistinguishable 
from those on the south side of the saddle 
and all investigators agree that they belong 
to the Nerchinskiy-Zavod formation. Now 
that a tunnel has been excavated between the 
Blagodatskaya and Yekaterino-Blagodatskaya 
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mines under the saddle, the continuity of the 
limestones beneath the Quaternary cover of 
the saddle has been proved, together with the 
fact that the Blagodatskaya area represents 
the margin of the Nerchinskiy-Zavod limestone 
exposures. 


All beds lying above the Mt. Blagodatskaya 
section are conformable with each other, 
strike nearly east-west, and dip steeply to 
the south. 


Both the attitude and the lithology of these 
rocks indicate that they belong to one struc- 
ture. Let us recall that layers of marly 
shales and conglomerates are known also in 
other exposures of the Nerchinskiy-Zavod 
formation. 


It is important to note that all investigators 
who have made detailed studies and explora- 
tory work in the Blagodatskoye deposit (K.D. 
Sholkin, and L.N. Lenok, K.F. Kuznetsov, 
A.N. Svirskiy and others) have remarked on 
the gradual change from the thin-bedded marly 
limestones to marly shales containing Wen- 
lockian fauna and, in this locality, lying at 
the top of the Nerchinskiy-Zavod formation. 


The recent additional mapping by M.I. 
Stetsyuk on 1:1000 scale shows that the fossil- 
iferous zone and other carbonate beds in the 
marly shales repeat the outline of the thin- 
bedded marly limestone zone and have the 
same attitude. Thus, all available data defi- 
nitely indicate that the section is continuous 
and the defined zones conformable. 


Important additional data indicating that the 
fossiliferous zone of Mt. Blagodatskaya and 
the underlying thick limestone sequence form- 
ing the Nerchinskiy-Zavod syncline are of the 
same age are provided by the analysis of the 
spore-pollen assemblage. 


It is important to emphasize that the spore 
assemblage from the fossiliferous zone is 
identical with the spore spectrum character - 
izing the upper parts of the Nerchinskiy- 
Zavod formation, The following spores were 
identified in the different outcrops of the for- 
mation (Gornyy Zerentuy, Ol'khovaya gully): 
Archaoe monoporina incrassa Naum., Steno- 
marginata minuscula Naum., S. subverrucu- 
lata Naum., Hystrichosphaeridium glabrum 
Naum., Psophosphaera tenius Naum., Sphae- 
rina minuta Naum,, Palaeoperisaccus decorus 
Naum., P. explanatus Naum., P. elongata 
Naum, 


According to Ye.Z. Isagulova's conclusion, 
confirmed by S.N. Naumova, this assemblage 
is very similar to the spore assemblage of 
the Bratsk formation (Siberian platform) whose 
age is Upper Ordovician-Lower Silurian. The 
data of the spore-pollen analysis agree com- 
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pletely with the paleontological data.$ 


Let us return now to the description of 
the Mt. Blagodatskaya section. 


Stratigraphically above the marly shales 
containing Wenlock fauna and unconformably 
upon them lies the Blagodatskiy formation, 
composed of: 


1. Basal beds of quartzites (sandstones 
and conglomerates) dipping gently (25-35°) 
to the north and varying greatly in thickness 
(0 to 30 meters). 


2. Varicolored argillite (spotted, violet, 
reddish-brown, green, brown and light blue) 
with lenses of strongly silicified limestone; 
up to 450 meters thick. | 


3. Grayish-brown siliceous shales (related 
to the argillites by a gradational transition). 
Thickness up to 150 meters. 


In the argillites the author, and M.I. 
Stetsyuk, V.E. Kyrvela and others, collected 
the following fossils: Metriophyllum sp. n., 
Pleorodictyum, Batostomella sp. n., Erido- | 
trypella sp., Fistulipora sp. n., Paradekayelle 
sp. n., Lioclema sp. n., Semicoscinium sp. 
and Fenestella sp. 


According to I.P. Morozova, Ye.A. Ivanova 
and N. Ya. Spasskiy, this fauna dates the for- 
mation as Middle Devonian (and possibly the 
upper part of Lower Devonian), while accord- 
ing to Ye.A. Modzalevskaya this fauna char- 
acterizes the upper zones of the Lower De- 
vonian (Coblenzian stage) and bears a definite 
resemblance to the fauna of the upper zones 
of the Bol'shoi Never formation of the upper 
Amur region. 


As has already been mentioned, the Blago- 
datskiy formation was formerly considered 
Silurian and conformable with the underlying 
Nerchinskiy-Zavod formation. The reason 
for this error is that Gorshkov took the red- 
dish marly limestones and the overlying 
shales as the base of the Blagodatskiy forma- 
tion, probably because their color somewhat 
resembles that of the argillites of this for- 
mation. The thin-bedded limestones and marly 
shales are actually conformable with the typi- 
cal "Nerchinskiy-Zavod'' massive limestones, 
but they are not a part of the Blagodatskiy 
formation. The unconformable attitude and 
the basal aspect of the quartzite at the base 


3% B.V. Timofeyev's opinion based on the examina- 
tion of only a few samples from the Nerchinskiy- 
Zavod formation, it contains also Lower Cambrian, 
Sinian spores. This conclusion contradicts all pale- 
ontological characteristics of the formation, 


of the Blagodatskiy formation evidently was 

not noticed because it was poorly exposed 
prior to the mining operations. The greater 
degree of metamorphism of the marly shales 
lying beneath the quartzite as compared with 
the overlying argillites apparently also escaped 
notice, 


In 1956, three kilometers south of the 
Nerchinskiy Zavod settlement, we found a 
new area of outcrops of the Blagodatskiy for- 
mation which also show its unconformable 
relation to the limestones of the Nerchinskiy- 
Zavod formation. Finally, the most convincing 
proof of the existence of disconformity between 
these formations is the faunal analysis: below 
the disconformity the fauna is Wenlockian; 
above it, Middle Devonian. 


The presence of a fauna in the marly 
shales underlying the quartzite was not known 
to Gorshkov (judging by his description). He 
collected fossils largely from the talus on the 
mountain slopes and his collection contains 
mainly the forms of the Nerchinskiy-Zavod 
formation, but it was believed that they came 
from the Blagodatskiy formation where fossils 
had been found by Gorshkov in situ. The age 
of the fossils collected by Gorshkov was de- 
termined as Silurian by M.A. Bolkhovitinova. 
This would be correct if the fauna came from 
the Nerchinskiy-Zavod and not the Blagodat- 
skiy formation. This, in our opinion, is the 
explanation of the error. 


In summary, it may be noted that as a 
result of very detailed work it has been 
proved that the Nerchinskiy-Zavod formation, 
widespread in southeastern Transbaikaliya, is 
Lower Silurian (Wenlockian). It has been 
shown also that the attempt to "liquidate" this 
formation is not justified and would lead to a 
completely erroneous interpretation of the 
structures of the region. The age and posi- 
tion of the Blagodatskiy formation have been 
de-zrmined, and this introduces a correction 
into the accepted stratigraphic section and 
adds to the knowledge of the history of the 
region in the Devonian period. 


The discovery of faunas in the lower and 
upper limestone formations (Bystrinsk and 
Nerchinskiy-Zavod formations, respectively) 
makes the Lower Paleozoic section of the 
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Nerchinskiy-Zavod region of exceptional 
importance for the understanding of the 
structure of the Lower Paleozoic rocks of 
southeastern Transbaikaliya, and the section 
must be regarded as a type section. 


This region, because of its economic 
importance, is covered by detailed geologic 
maps and has been studied by geologists over 
a long period of time. None of them has 
found any signs of disconformity in the Lower 
Paleozoic section and all of them consider it 
as an uninterrupted section. Now it has been 
shown by the discovery of faunas that the 
section was deposited in the interval of time 
between the Lower Cambrian and Lower 
Silurian, inclusively. This indicates that the 
ideas of the absence of Ordovician deposits 
in southeastern Transbaykaliya are groundless. 


Inasmuch as the fossils of the Altacha 
formation date it within very broad limits, 
the Lower Paleozoic formations may be 
indexed at present as follows: Bystrinskiy — 
Cm -2, Altacha — Cmg-9, and Nerchinskiy- 
Zavod — O-S,. 
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BRIEF COMMUNICATIONS 


COMMENTS ON THE 1956 
UNIFIED STRATIGRAPHIC SECTION 
OF THE COAL-BEARING DEPOSITS 

OF THE KUZBAS! 


by 
I.A. Vyltsan 


At the 1954 conference at Leninsk-Kuznet- 
skiy and the 1956 conference at Leningrad, a 
new detailed and unified stratigraphic section 
of the coal-bearing strata of the Kuzbas was 
adopted which, on the whole, gives an objec- 
tive picture of the rhythmic course of deposi- 
tion of the coal-bearing strata of the Kuzbas. 


Very significant in the 1956 chart is the 
recognition of the large stratigraphic units, 
or series, corresponding to the main epochs 
of coal formation in the basin (based on the 
sequence of plant assemblages established by 
M.F. Neyberg [6]) and to the very large tec- 
tonic rhythms. Two such rhythms (or cycles) 
are distinguished in the Upper Paleozoic coal- 
bearing sequence: The first one includes the 
deposits of three formations—the Ostrog, the 
Lower Balakhonka and the Upper Balakhonka— 
and the second, the Kuznetsk, Il'inskoye and 
Yerunakovo formations. 


As is known, in the first cycle (let us call 
it the Balakhonka cycle) the Ostrog formation 
has no minable coal, but the other two, the 
Lower and Upper Balakhonka formations, con- 
tain economic coal deposits. The detail with 
which the formations are subdivided is in 
direct proportion to their coal content. In the 
new chart the Upper Balakhonka formation is 
subdivided into four members, the Lower 
Balakhonka, into two, and the Ostrog forma- 
tion is not subdivided. 


The second cycle, which may be named the 
Kol'chugin cycle, also includes three forma- 


1Nekotoryye zamechaniya po unifitsirovannoy strati- 
graficheskoy skheme uglenosnykh otlozheniy kuzbassa 
1956 g. 
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tions, of which the Kuznetsk formation is 
barren, the Il'inskoye formation contains coal 
beds in its upper part, but only in the south, 
and the Yerunakovo formation is the most 
productive of all. 


It is apparent that the formations of the 
Kol'chugin cycle have also been studied with 
varying degrees of detail: the Yerunakovo 
formation is subdivided into three members; 
the Il'inskoye, into two, but only in the south; 
and the Kuznetsk formation is not subdivided 
at all. 


The obvious incompleteness of the 1956 
stratigraphic chart is shown by the difference 
in detail of the subdivision of the formations. 
The new lithological material on the subdivi- 
sion of the barren formations collected, for 
example, by the Siberian Research Institute 
of Geology, Geophysics and Mineral Raw 
Materials was not utilized in the construction 
of the 1956 chart. 


The twofold division of the Il'inskoye for- 
mation, until recently considered barren, is 
not adequately documented in the 1956 chart. 


Inasmuch as it is known now that the south- 
western and southern parts of the Il'inskoye 
formation contain workable coal beds (Nikitin- 
skoye, Chertinskoye, Raspadskoye and other 
deposits) the data on its structure are very 
important for stratigraphy and for the study 
of the specific conditions of coal formation in 
the Kuzbas in general and in the I[1l'inskoye 
formation in particular. 


In the 1956 unified stratigraphic section, 
two members are separated in the Il'inskoye 
formation—the lower, or Kazankovo-Markin- 
skoye, and the upper, or Uskat member. 
Actually this subdivision does not fully reflect 
the relations between the smaller units within 
the formation and is incomplete to say the 
least. In the preparation of the now accepted 
section, attention and “care” were given only 
to that part of it (upper) which usually con- 
tains abundant fossil leaves and the materials 
available for the subdivision of the lower and 
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thicker (but only slightly fossiliferous) part 

of the section were not used and even ignored, 
although they provide lithological criteria for 
subdivision, 


To show that this criticism is justified it 
is necessary to recall briefly the history of 
the problem of subdivision of the Il'inskoye 
formation. 


The Il'inskoye formation was first divided 
into three zones in 1943 by Yu.A. Zhem- 
chuzhnikovy in a manuscript report, which 
unfortunately was never published but is well 
known to the geologists of the Kuzbas. Zhem- 
chuzhnikov described the lithological units of 
the formation, measured their thickness and 
named them (base to top): the Markinskoye 
(600-700 m), the Salair (500-700 m) and the 
Kazankovsk (350-400 m) zones. The II1'inskoye 
formation of the Kuzbas is characterized by 
many facies changes along the strike, and for 
this reason its sections were not subdivided 
for a long time. The first subdivision of the 
formation was made by Zhemchuzhnikov in a 
typical section outcropping on the left bank of 
the Tom' River from the village of Kazankova, 
to the core of the Markinskoye anticline and 
farther to the Suriyekova River. 


The analogues of the Il'inskoye formation 
in the northern part of the basin, the so- 
called Krasnoyarsk sandstones, were also 
subdivided into three zones in 1946 by V.I. 
Yavorskiy and P.F. Li [10]. Our more recent 
study (1952-1957) of the Il'inskoye formation, 
based on the data from test wells drilled in 
the search for oil and from natural outcrops 
occurring throughout the basin, confirmed the 
data of Zhemchuzhnikov, Yavorskiy and Li 
and provided new material on the lithological 
changes within the formation and within its 
different parts. 


At the conferences on the stratigraphic 
section of the Kuzbas in Leninsk-Kuznetskiy 
in 1954 and in Leningrad in 1956, the division 
of the Il'inskoye formation into three zones 
proposed by the above-mentioned authors was 
not accepted, partly because it was not always 
possible to provide sufficiently objective pale- 
ontological criteria for the smaller subdivi- 
sions and partly because in a number of sec- 
tions in the Salair region and in the south 
the formation changes in thickness. The so- 
called “Uskat sequence” and a part of the 
Suriyekov zone, formerly included in the 
Yerunakovo formation [2, 4, 9], were assigned 
to the Il'inskoye formation. 


At present it is known quite definitely that 
the lithological subdivisions of the Il'inskoye 
formation (Zhemchuzhnikov's zones) can be 
traced throughout the basin and that the 
"Uskat sequence” is a facies of the upper 
part of the formation not only in the center 
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of the basin and in the Salair region, as had 
been pointed out earlier by G.P. Radchenko 
[7], E.M. Senderzon [8] and others, but in 
the extensive area of the southern Kuzbas as 
a whole. In other words, the sequence rep- 
resents a series of coal-bearing facies of 
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FIGURE 1. The relationship among the prin- 
cipal facies of the I|]'inskoye formation of 
the Kuzbas (after the data of the Siberian 
Research Institute of Geology, Geophysics 
and Mineral Raw Materials). 

1 -- Krasnoyarsk facies, 2 -- I1]'in- 
skoye facies '"'proper'', 3 -- Uskat facies. 


the Il'inskoye formation containing workable 
deposits and characterized by the predomi- 
nance of the paludal-lacustrine facies over 
the alluvial facies and by a general thick- 
ening of the sediments to the south and south- 
east. This clearly indicates that the Uskat 
facies have shifting "boundaries" so that 
southward the coal beds occur at lower and 
lower stratigraphic levels. In the sections 

of the formation on the Verkhnyaya Ters' 
River and elsewhere the coal beds of work- 
able thickness lie 230 to 300 meters from 

the base of the formation, while in the north- 
ern part of the basin they occur only in the 
uppermost parts of the formation. The lower 
"boundary" of the Uskat facies cuts the for- 
mation diagonally from north to south (Fig. 1). 


The actual relationship between the Uskat 
facies (formerly called "Uskat sequence") and 
the facies of the other parts of the Il'inskoye 
formation speaks against separating them as 
an independent stratigraphic unit or member, 
first, because they contain sediments differ- 
ing in age and, second, because their 
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Composite sec- 
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formation (above 
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FIGURE 3. Subdi- 


FIGURE 2. Comparison of the 
vision of the 


subdivisions of the I1'inskoye 


formation after Yu.A. Zhemchuzh- 
nikov and after the 1956 Confer- 
ence in Leningrad, 


I1'inskoye forma- 
tion proposed in 
this paper. 


1 -- Rocks of the formation; 
2 -- coal bed; 3 -- correlation 
lines. 


introduction of the "new" stratigraphic entity, 
the Uskat member, must inevitably lead to 
confusion between the concepts of facies, 
stratigraphic unit and so on, and cause all 
kinds of misunderstandings. 


separation as a unit would exclude synchro- 
nous deposits of the upper part of the forma- 
tion (Kazankino zone). 


There are also objections to the content 
and the names of the subdivisions of the 
Il'inskoye formation, the Uskat and the Kazan- Before the conference of 1954, the Uskat 
kovo-Markinskoye members given in the 1956 beds (together with the Kil-chigiz beds) in the 
chart. outcrops on the Tom!' River above the village 
of Yerunakovo included, according to N.M. 
Belyanin [3], the group of beds up to coal 
bed 19. In the 1956 chart, the thickness of 


The nature of the Uskat beds or facies has 
just been explained and it is clear that the 
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BRIEF COMMUNICATIONS 


this subdivision, now given the rank of mem- 
ber, was approximately doubled by the addi- 
tion of zone 'b' [4] and defined as the se- 
quence of strata between coal beds 19 and 38 
[9]. This suggests that the authors of the 
project accepted in 1956 were led to increase 
the thickness of the unit because of the litho- 
logical resemblance of the rocks between beds 
19 and 38 to the rest of the Il'inskoye forma- 
tion noted by Zhemchuzhnikov [5] and later 
| pointed out by Gorelova [4] and others. More- 
| over, the retention of the old name ''Uskat" 
for the member, whether so intended by the 
authors or not, creates the impression that 
this step was made in order to give the Uskat 
member at least a semblance of a regional 
stratigraphic unit in the central and southern 
parts of the basin. But since the subdivisions 
of the formation were given different content 
in the 1956 chart, it is questionable whether 
it was advisable and justifiable to retain the 
names of the old subdivisions — Kazankovo- 
Markinskoye and Uskat. 


Inasmuch as the subdivisions of the Il'in- 
skoye formation include all of Zhemchuzhni- 
kov's zones, it is necessary to consider what 
is included in the Kazankovo-Markinskoye 
member. This member (in the 1956 chart) is 
equivalent to the Il'inskoye formation of the 
old subdivision (1954); i.e., it includes all 
strata from the top of the Kuznetsk formation 
to bed 19, and according to Zhemchuzhnikoy's 
later work, even to beds 30-41 [5]. The 
thickness of this part of the section was esti- 
mated at 1400 to 1600 meters. In the 1956 
chart, however, the upper boundary of the 
Kazankovo-Markinskoye member, for some 
unknown reason, is set at bed 1, which lies 
at least in the lower part of Zhemchuzhnikov's 
Kazankovo zone. It is hard to see why a 
member should be called Kazankovo-Markin- 
skoye if almost all of the Kazankoyo zone is 
included in the overlying Uskat member. 
Inasmuch as the Kazankovo-Markinskoye mem- 
ber figures in the 1956 scheme as a synonym 
for the Kazankovo-Markinskoye zones of 
Zhemchuzhnikov (this is confirmed by the 
name of the member), the member will be 
understood to have the content assigned to it 
by this author. It follows quite logically from 
this that the part of the section about 300 
meters thick from bed 1 to bed 19 actually 
appears twice in the 1956 chart, as can be 
seen by comparing this chart with Zhemchuzh- 
nikov's section (see Fig. 2). 


An objective analysis of the extensive 
material obtained by the present author and 
kept at the Siberian Research Institute of 
Geology, Geophysics and Mineral Raw Mate- 
rials confirms the data of Zhemchuzhnikov 
and Yavorskiy leading to the threefold subdi- 
vision of the Il'inskoye formation. The new 


position of the upper boundary of the Il'inskoye 


formation (bed 38 of the Yerunakovo section) 
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in the now accepted chart, drawn according 
to the data of G.P. Radchenko [1], S.G. Gore- 
lova and others [4], confirms once more the 
correctness of the ideas of Zhemchuzhnikov, 
who placed the boundary in this position long 
ago. 


Thus, on the basis of the available mate- 
rial, the threefold division of the Il'inskoye 
formation must be accepted as the most 
objective and consonant with all geological 
evidence. The two lower subdivisions which 
have been traced now throughout the basin 
should retain their old names but be advanced 
to the taxonomic rank given them in the 1956 
chart; i.e., they should be called the Markin- 
skoye and the Salair members, but the upper 
subdivision, because of the situation just 
described, should be called the Uskat- 
Kazankovo member, inasmuch as it now con- 
tains the Uskat beds and a part of the Kazan- 
kovo zone. Then the subdivisions of the ['in- 
skoye formation will be as shown in Figure 3. 


It seems to us that the time has come to 
utilize the considerable material now avail- 
able on the subdivision and structure of the 
Il'inskoye and other barren formations of the 
Kuzbas on the new stratigraphic sections. 
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THE OSELKOVOYE FORMATION? 
by 
M.M. Lavrov 


In the northeastern part of Eastern Sayan, 
in the basin of the Bol'shaya Biryusa, Tagul 
and Tumanshet Rivers, the ancient unmeta- 
morphosed strata consist of four formations 
(base to top): 1) the Karagassa quartzites, 
with visible thickness of 400 to 500 meters; 
2) the Oselkovoye micaceous sandstones, 
shales and thin-bedded quartzites, with a 
thickness of about 4000 meters; 3) the Ust'- 
Tagul formation, about 110 meters in thick- 
ness, composed of conglomerate, sandstone 
with marlstone and sandstone with limestone; 
and 4) the Tal'sk limestone, about 300 meters 
in thickness. 


The age of these strata is given differently 
by different geologists. Some refer the Kara- 
gassa formation (or Karagassa and Oselkovoye 
formations) to the Upper Proterozoic, others 
consider the Karagassa and Oselkovoye forma- 
tions as Sinian, and still others refer the 
entire sequence to the Lower Cambrian. 


Without evaluating the merits of these 
opinions concerning the age of the Biryusa 
complex, let us mention that it has become 
a subject of lively discussion in connection 
with the discovery of a granite intrusion 
corresponding in time to the disconformity 
between the Oselkovoye and Karagassa forma- 
tions? and the problem of the separation of 
the Sinian series in the marginal zones of the 
Siberian platform. Descriptions of the Biryusa 
complex are appearing more and more fre- 
quently in the geological literature, and some 
authors refer to the second formation from 
the base as the Oselkovoye and others as the 
Oselochnoye formation. It is definitely known 
that up to 1958 the question of changing the 
name of the formation from Oselkovoye to 
Oselochnoye had not been raised. If we refer 
to the "Stratigraphic Dictionary of the U.S. 
S.R." [4], we shall read on p. 708: "Oseloch- 
noye formation (Origin of name unknown). 
Lower Cambrian. (A. Khomentovskiy; Certain 
Materials on the Geology of the Tumanshetskiy 
Salt Basin (E. Siberia). Byull. Mosk. obshch, 
isp. (prixody,, nov., ser... t. oo, Old.) ceolu: 

t. 25, v. 3, p. 67." A description of the 
lithology of the formation follows, and its 
thickness and position in the section are 
given. The author of the entry is G. 
Kirichenko, 


2Ob oselkovoy svite. 


3P.V. Osokin's report at the Scientific Session of 
the A.A. Zhdanoy Irkutsk University in March of 1958. 


BRIEF COMMUNICATIONS 


What caused Kirichenko to change the 
name of the formation from Oselkovoye to 
Oselochnoye? 


Let us turn to Khomentovskiy's paper cited 
by Kirichenko. This paper [5] is on p. 65 
and not on p. 67. The name "Oselkovoye 
formation’ is mentioned in it 26 times (1), 
on pp. 66-69, 71-73 and 75-77, and the name 
_“Oselochnoye" not once. 


Had Kirichenko read Khomentovskiy's 
paper he would not have made these two 
mistakes. 


Where, then, did the name "Oselochnoye 
formation" of “unknown origin" come from? 


The geologists who follow the literature on 
East Siberian geology know the origin of this 
name. 


In 1953 a paper by V.T. Mordovskiy, Ye. 
VY. Kravchenko and S.F. Fedorov [2] was 
published in which the name ''Oselochnoye 
formation" appeared for the first time ([2], 

p- 11, and others). A justifiably unfavorable 
review of this work was given by M.M, Odint- 
sov and Ye.V. Pavlovskiy [3]. Mordovskiy, 
Kravchenko and Fedorov distorted the name 

of the Oselkovoye formation and changed it 

to "Oselochnoye." 


In 1957, following the example of these 
authors, another group of authors, five men 
this time, reproduced this mistake 9 [1], p. 
17, 18). Kirichenko, without looking up 
Khomentovskiy's paper, relied on the authority 
of such geologists as Mordovskiy and his co- 
authors and I.P. Karasev and co-authors, and 
was led into error by two published works, 
alike, it must be said, in quality. 


In saying that the origin of the name 
“Oselochnoye" is "unknown," Kirichenko 
evidently meant that the meaning of this name 
is not known. 


The following information is available on 
this point: in the 90's of the last century, 
when the Tumanshetskiy salt-extraction plant 
was active, the local population made "oselki" 
(whetstones) out of the dense shales of the 
formation, and hence it received the name 
“Oselkovoye." 


It should be noted that the name "Oselko- 
voye” formation was known before 1950. In 
1937, Khomentovskiy, in mapping the geology 
of the Tumanshet, Tagula and Bol'shaya Birysa 
River valleys, used the name Oselkovoye 
formation (in an unpublished work). 


It seems inadvisable to change formational 
names arbitrarily. Unfortunately, Mordovskiy 
et al [2] and Karasev et al [1] did not bother 
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to familiarize themselves with the original 
sources and by their. word making caused an 
incorrect name of the formation ("'Oseloch- 
noye”’) to appear not only in the "Stratigraphic 
Dictionary of the U.S.S.R." but in many pro- 
fessional and research reports of the Vostsib- 
neftgeologiya, the East Siberian Affiliate of 
the Academy of Sciences, the Irkutsk Geo- 
logical Administration, the Sibgeolneruda and 
the A.A. Zhdanov Irkutsk University. 


A correction must be made in the new 
edition of the "Stratigraphic Dictionary of the 
U.S.S.R." and the formation called "Oselko- 
voye"’ as demanded by priority [5] and the 
origin of its name. 
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MARIE STOPES‘ 


The well known English scientist and 
founder of modern coal petrography, Marie 
Carmichael Stopes, D.Sc., Ph.D., died on 
October 2, 1958. She was a member of the 
London Geological Society, the Linnaean 
Society and the Royal Literary Society. 


Marie Stopes was born in 1880 to the 
family of the English archeologist H. Stopes. 
She was educated at the University College 
in London, at the University of Munich in 
Bavaria, and in 1907-1908 studied botany at 
the University of Tokyo. In 1904 she began 
to teach botany at the University of Man- 
chester and in 1909 at the University College 
in London. 


In 1908 Marie Stopes published a paper on 
the formation of concretions ("'coal balls") in 


coal beds and in 1910 a paper on plant fossils. 


Her first works on coal petrography appeared 
between 1918 and 1919, 


In appraising these investigations, Yu.A. 
Zhemchuzhnikovy wrote in 1934: "The turning 
point in the development of coal science was 
the year 1919 when the English scientist Marie 
Stopes in a short but epoch-making paper 
distinguished four components or ingredients 
in the English banded coals visible with the 
naked eye and easily separated mechanically 
(fusain, clarain, durain and vitrain)." 


It should be noted that by 1919 the concept 
of coal constituents had already been formu- 
lated in different countries. As early as 
1887, H. Fayol, in France, in studying the 
coals of the Commentry basin, distinguished 
bright, dull and fibrous coal. In Germany 
these constituents were also known and Ger- 
man investigators consider that Marie Stopes 
merely gave them new names. In 1914, in 
Russia, M.D, Zalesskiy described bright, dull 


4 Mariya stops. 
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and fibrous coals. It must be acknowledged, 
however, that it was only after Stopes’ studies 
that a unified terminology and the method of 
describing these constituents became estab- 
lished. As the result a connection was revealed | 
between the macroscopic and microscopic | 
characteristics of coals and the need for 
separate chemical study of their constituents 
realized. This, in effect, laid the foundation 
of coal petrography, i.e., of the study and 
description of coals as rocks. 


The achievement of Marie Stopes in the 
detailed study of coals was due to the per- 
fecting of the technique of preparation of thin 
sections of coal by the English paleobotanist 
J. Lomax in 1911. 


In 1935 Stopes published a paper refining 
the earlier nomenclature and in the same 
year, at the Second International Geological 
Congress on Carboniferous Geology, in Heer- 
len (Holland), it was proposed by S. Sayler 
that this nomenclature be accepted with cer- 
tain modifications. In this nomenclature the 
constituents of coal are called macerals (by 
analogy with minerals) and include fusinite, 
vitrinite (collinite and tellinite), resinite, 
exinite, micrinite and opaque matter, while 
the names of the constituents distinguished 
by Stopes earlier are used to designate the 
types of coal: fusain, vitrain, clarain and 
durain. This nomenclature is now known as 
the Stopes-Heerlen system. 


Thus it must be considered the during 
the past forty years the works in coal petrog- 
raphy have been developing the ideas of Marie 
Stopes. Only the paper read by Marie Stopes 
at the Congress on Fuels in Paris in 1923 is 
available in Russian in the volume ''Fuel” 
published in 1925. However, her main works 
in the original English are widely known 
among Soviet coal petrographers. 


Besides scientific works in paleobotany and 
coal petrography, Marie Stopes has written 
on social problems, marriage, upbringing of 
children, etc. Her published work includes 
books on the problem of the family and sey- 
eral novels, plays and poems. 


S.I. Tomkeyev (S.I. Tordeieff, 
Newcastle upon Tyne, England) 
V.S. Yablokov (Moscow, U.S.S.R.) > 


REVIEWS AND 


THREE NEW BOOKS 
ON THE GEOLOGY OF ROMANIA‘s? 


by 
V.Ye. Khain 


After the establishment of the people's 
yovernment, geological investigations in 
Romania developed with unprecedented scope. 
Much has already been accomplished: new 
sconomic mineral deposits and particularly 
new petroliferous regions have been discov- 
ered. The success of practical geology can 
not be separated from the development of 
zeology as a science. A clear indication of 
progress in this direction is the appearance 
within a short time of three comprehensive 
works on the geology of the republic. 


“Stratigraphic Geology" was written by 
Academician G. Macovei, most eminent and 
oldest of Romanian geologists and director of 
the Geological Committee on the Romanian 
People's Republic. This is the second edition 
of the textbook, which has achieved popularity 
not only in the author's native land but also 
abroad (the book has been translated into 
Chinese). Considerable space in Macovei's 
fext is given to a description of the distribu- 
tion and character of each of the geological 
Systems in Romania, so that it is not only a 
text of general stratigraphy but of the stratig- 
raphy of Romania as well. The presentation 
of material is exceptionally clear and is 
accompanied by fine illustrations and lists of 
fauna and flora, and the local material fits 
well into the general review of the geologic 
systems. This discussion also is very suc- 
cessfully presented. The author emphasizes 
the principal features of each system resulting 


iTri novyye knigi po geologii rumynii. 


2G. Macovei. Geologie stratigrafica. Editura 
tehnica, Bucuresti, 1958. N. Oncescu. Geologie din 
Republica Populara Romina. Editura tehnica, Bucu- 
resti, 1957. J. Bancila. Geologie din Carpati Orien- 
tale. Editura tehnica, Bucuresti, 1958. 
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DISCUSSIONS 


from tectonics and the environment of deposi- 
tion and avoids overloading his book with 
facts such as make Gignoux's classical Strati- 
graphic Geology a reference work rather than 
a textbook. The essential information on the 
fauna and flora of each period is accompanied 
by well executed illustrations of guide fossils. 


The account of the stratigraphy and paleo- 
geography of Romania, which occupies almost 
one third of the book, is clearly summarized 
in a series of stratigraphic charts, At the 
end of the major sections (Precambrian, 
Paleozoic, Mesozoic and Cenozoic) there are 
references to the most important works on 
the geology of Romania. All this makes 
Macoyei's book not only one of the world's 
best textbooks of historical geology but also 
an excellent introduction to the geology of 
Romania. It is not surprising that Academi- 
cian Macovei's work was awarded the highest 
State prize, 


An excellent account of the geological struc- 
ture of Romania is given in "Geology of the 
Romanian People's Republic" by N. Oncescu, 
Professor at the University of Bucharest. The 
discussions in this book are arranged accord- 
ing to regions. A brief introductory chapter 
on the general tectonic framework of the coun- 
try is followed by chapters on the structure of 
the principal tectonic zones. These zones are: 
the Moldavian platform (the margin of the 
ancient Russian platform), Dobrudja (a Hercyn- 
ian structure), the Romanian plain (a young 
platform), the Eastern Carpathians, the South- 
ern Carpathians, the Walachian basin, the 
Apuseni Mountains and the Transylvanian and 
Pannonian basins. The description of the struc- 
ture of the Romanian Carpathians is preceded 
by a discussion of the structure of the Car- 
pathian arc as a whole and of its principal 
subdivisions. Between the chapters "The East- 
ern Carpathians” and "The Southern Carpath- 
ians,"' the youngest volcanic structures of the 
inner part of the Eastern Carpathians (the Harg- 
hita-Caliman belt and others) are described. 


The chapters vary somewhat in plan, 
depending on the type of structure discussed 
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and on how well it is known, but in general 
the author observes the following order: 
general description of relief and main geo- 
morphic subdivisions, stratigraphy, tectonics 
and principal mineral deposits. The book con- 
tains many stratigraphic charts, geologic and 
tectonic maps and geologic and stratigraphic 
sections, which help the reader to understand 
the factual material and the principal conclu- 
sions. The list of 287 important works on 
the geology of Romania and the detailed index 
are among the commendable features of the 
work. The book is accompanied by a 
1:2,000,000 generalized geologic map of 
Romania, 


A great merit of Oncescu's book is the 
objectivity with which he discusses some of 
the debatable questions of stratigraphy and 
especially of tectonics and geologic history. 

It must be mentioned that he has made sig- 
nificant contributions to the geology of the 
Eastern Carpathians, especially their southern 
part. We shall speak later about his views 
on general tectonics. 


Those Soviet geologists who are working in 
the Ukraine and in Moldavia will find it very 
useful to know Professor Oncescu's excellent 
work, also awarded a State prize. The pub- 
lishers of foreign literature made a very 
timely decision when they made arrangements 
for a Russian translation of the second edition 
of the book now being prepared by Oncescu. 

It would be desirable to have a fuller discus- 
sion of the geological and especially tectonic 
history of Romania as a whole in the second 
edition. This will probably require a special 
chapter. The reviewer has learned from a 
conversation with the author that he intends 
to do this and also is preparing a series of 
paleogeographic maps of Romania. These 
additions will make Oncescu's book even more 
valuable, 


The very recently published "Geology of 
the Eastern Carpathians” by J. Bancila is a 
regional monograph on a very interesting and 
complex part of the vast Carpathian folded 
arc giving an up-to-date account of its geo- 
logical structure. The author divides the 
Eastern Carpathians into seven longitudinal 
structural zones: 1) the central (Central 
Carpathians), 2) the western interior zone 
(the western interior flysch), 3) the eastern- 
central zone (the eastern interior flysch), 4) 
the middle interior zone (the middle interior 
flysch), 5) the middle interior (the central 
intermediate and marginal flysch), 6) the 
exterior zone (the exterior flysch) and 7) the 
pre-Carpathian zone. The last zone corre- 
sponds to the frontal downwarp. Besides this 
subdivision, a number of superimposed Plio- 
cene intermont depressions (inner basins) are 
distinguished: the Gheorgheni-Ciucul, the 
Bretcu-Birsei, the Comanecti and the Prale. 
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The book is divided into chapters corre- | 
sponding to the structural and facies subdivi- | 
sions. In each chapter, stratigraphy, lithology, 
of the sediments and structure of the zone aré 
described in detail. By analyzing stratigraphic 
sections of each zone, the author distinguishes 
successive sedimentation cycles. These cycles 
vary in magnitude from zone to zone and even! 
in different areas of a single zone. 


The description of the individual zones is 
preceded by an introduction outlining the 
boundaries of the Romanian Eastern Carpath- 
ians and the history of geologic investigations 
in the region. There is also a chapter on 
the structure of the basement of the Carpath-— 
ian mountain structure, the general character- 
istics of the sedimentary cover, the structural 
and facies subdivision and transverse folds. 
The author distinguishes three types of base- 
ment: the Carpathian, outcropping in the 
central zone; the Podolian, composed of ancien 
granites and gneisses; and the Mesesian, com- 
posed of green schists of the Dobrudja type. 
Bancila emphasizes the fact that the Eastern 
Carpathian geosyncline developed on a heter- 
ogeneous basement, the Central Carpathian 
on one side and the Mesesian on the other. 
The hypothesis of the ancient upwarp, the 
Kimmeridgian chain composed of green schists 
is discussed in detail. The sedimentary mantl 
of the Eastern Carpathians is divided into 
three types of sediment — the sediments of 
the western interior basin, flysch and the 
sub-Carpathian sediments of the frontal down- 
warp. The author discusses flysch in great 
detail, gives the characteristic features of 
flysch according to Tercier, describes the 
main types of Carpathian flysch (arenaceous, 
marl-limestone, conglomeratic, coarse, and 
the black shale type), and dwells on the meth- 
ods used in studying it. Unfortunately the 
author apparently is not familiar with the work 
of N.B. Vassoyevich, although a certain influ- 
ence of this work is felt in the section on the 
study of flysch. Of considerable interest is 
the discussion of a number of upwarps and 
downwarps transverse to the general trend of 
the Eastern Carpathians. 


The last very brief chapter contains a 
description of the Neogene volcanic belt 
Harghita-Caliman superimposed on the interior 
part of the Eastern Carpathians. 


Bancila's book is accompanied by a number 
of graphic appendices which have value inde- 
pendent of the text; they include a tectonic 
diagram of the Eastern Carpathians on 
1:1,000,000 scale, geological sections across 
the entire structure and its "foreland" eluci- 
dating their structural relationship, and litho- 
facies profiles illustrating changes in the 
composition of the sediments across the Car- 
pathians in passing from one structurao-facies 
zone into another (but unfortunately with the 
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lickness not drawn to scale). Besides these 
ppendices appearing as inserts (except for 

1€ map) at the end of the book, there are 
iany illustrations in the text, geological maps 
£ individual regions and stratigraphic and 
eologic sections. The numerous well executed 
hotographs help make the book attractive. 


On the whole, Bancila's book on the East- 
rn Carpathians is an excellent regional geo- 
dgic monograph which should be of consider - 
ble interest to Soviet geologists working in 
ne Soviet Carpathians and the alpine folds of 
he Soviet Union in general. A condensed 
ranslation of it into Russian would be very 
lesirable. 


However, in this work, as in the first 
dition of Oncescu's book, there is a serious 
hortcoming in the treatment of the geological 
istory of the region. The work would gain 
onsiderably if it contained facies and isopach 
naps, at least for some of the larger stages 
f alpine development of the Eastern Carpath- 
ans. It is quite evident that compilation of 
uch maps is the next important problem con- 
ronting our Romanian colleagues. 


On the other hand, the three books on 
.omanian geology reviewed here have three 
ery commendable features in common. 


First of these is the refusal to accept the 
ltra-nappe concept which pictures the Roman- 
an Carpathians and Carpathians in general as 
. continuous pile of overthrusts coming from 
m unknown source. This idea has now been 
lropped by most Romanian geologists, evi- 
lently not without the influence of Soviet 
luthors who have criticized the chariage 
heory in general. At the same time, Roman- 
an geologists, including Oncescu and Bancila, 
idmit the existence in the flysch zone of the 
jastern and Southern Carpathians and in the 
\puseni Mountains of overthrusts with rela- 
ively small displacements of 40 to 50 kilo- 
neters or perhaps slightly more. The degree 
f documentation varies for different over - 
hrusts, but the existence of some of these 
tructures is well established and confirmed 
Ny drilling, particularly in the Tarcau region, 
vhere the horizontal displacement is at least 
‘5 kilometers (see section on p. 103 of Ban- 
ila's book). The existence of the Walachian 
Wwerthrust in the Southern Carpathians, estab- 
ished by G. Murgoci and studied in detail by 
i. Kodarca, is also well documented. 


The second characteristic of the three 
jooks is that they make use, although not yet 
ully, of the extremely important information 
rovided by test boreholes on the Romanian 
lain. These data confirm the platform char- 
icter of the plain, the considerable develop- 
nent of Mesozoic platform deposits and the 
rery great age of the folded basement. 
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Romanian geologic science may be congrat- 
ulated on the appearance of three capital 
works which provide a clear picture of the 
geological structure of Romania as a whole 
and of the Eastern Carpathians in particular 
and discuss the basic problems of Romanian 
geology on a high theoretical level. 


ON THE METHOD 
OF LITHOLOGICAL DESCRIPTION 
OF SECTIONS *4 


by 
L.N. Botvinkina 


Detailed lithological investigations of sedi- 
mentary rocks, and of coal-bearing strata in 
particular, have revealed many genetic char- 
acteristics of rocks which serve as a basis 
for the determination of their facies and 
provenance, for paleogeographic reconstruc- 
tions and for more certain correlation of 
stratigraphic units of different magnitude, 
from formations and members to individual 
thin zones. These detailed investigations aug- 
ment the field descriptions of geological sec- 
tions. An objective field description of the 
rocks and their characteristics is the basic 
document which remains when the core from 
which it was made has been discarded or 
much diminished. Naturally this basic docu- 
ment must be thorough and in harmony with 
the present level of geological knowledge. 


In O.A. Betekhtina's opinion [2], however, 
the achievements of geology are utilized by 
only a few investigators, and the lithological 
descriptions made by field parties are gener - 
ally very simple. She believes also that 
detailed descriptions of sections and facies 
analysis "require much time and can hardly 
be expected in the everyday work of field 
parties" ({[2], p. 176). Betekhtina maintains 
that, "At present there is an urgent need for 
a new, rational method or description of sec- 
tions on the basis of drill cores," and dis- 
cusses the essential points of the method she 
proposes. "The essence of the method," she 
writes, “is in selecting as the smallest unit 
of a section not simply a particular litholog- 
ical variety (for example, fine-grained sand- 
stone) or the interbedding of two or several 
lithological varieties (for example, of argilla- 
ceous sandstone and siltstone), but that litho- 
logical variety which possesses a number of 


30 metodike litologicheskogo opisaniya razrezov. 


44 comment on O.A. Betekhtina's paper, "An ex- 
periment in lithological description of cores from the 
coal-bearing beds of Kuzbas" [2] . 
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structural and other macroscopically detectable 
characteristics which distinguish it from all 
other rocks in the section.'' These rock types 
are characterized by a number of genetic fea- 
tures (structure, texture, composition, the 
character of preservation of fossil plants, 
petrographic-mineralogical composition, vari- 
ous inclusions, the character of cement, color, 
etc.) which receive letter and figure indexes. 
As the basis for the description of drill hole 
sections, Betekhtina suggests that drill cores 
be described in terms of standard rock types. 
In other words, she proposes the following 
procedure as a new method: 1) Separate the 
rocks according to genetic types and 2) de- 
scribe the section layer by layer, not accord- 
ing to the rocks, but according to the standard 
genetic types. 


We shall not dwell on the first point, for 
it contains nothing new: The grouping of rocks 
into genetic types has been used by a number 
of investigators. As early as the 30's and 
40's, T.N. Davydova and Ts.L. Goldshteyn 
[4], in studying the Bureya coal basin, gave 
a detailed characterization of the genetic rock 
types. It is true, as Betekhtina points out, 
that by a genetic rock type they meant not a 
single rock but a group of rocks, and there- 
fore, in her opinion, the types established by 
them need not be considered. However, 
Betekhtina's types are also represented by two 
or more rocks (for example, C2 is fine- 
grained sandstone or coarse siltstone; type 
symbol F2 indicates interbedding of sandstones 
and siltstones of different grain size, etc.), 
and for this reason we see no particular dif- 
ference between her method and the earlier 
one. 


As the result of her study of the Yerunakov 
formation in the Leninsk region of the Kuzbas, 
Botvinkina [3] separated nine genetic rock types 
and facies, described them in detail and ex- 
plained the method used in separating them. 
Betekhtina used this work freely and applied 
the same method in the Leninsk and adjacent 
Belovsk region in separating five facies analo- 
gous to those described by Botvinkina. Un- 
doubtedly, besides being familiar with Botvin- 
kina's work on the coal-bearing strata of the 
Kuzbas, Betekhtina knows also the work done 
in the Donbas by a group of geologists from 
the Geological Institute of the Academy of 
Sciences under the supervision of Yu.A, 
Zhemchuzhnikoy and V.S. Yablokov, and in 
particular, the "Atlas of lithogenetic types of 
the Middle Carboniferous coal-bearing strata 
of the Donets basin,"' which was discussed by 
Yablokov in 1954 at the conference on the 
Kuzbas. Thus, the proposal to separate 
genetic rock types is not new, although 
Betekhtina does not mention this. 


Let us consider now the proposal to reduce 
the description of rocks (evidently not only 
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cores?) to a list of rock types. Evidently 
sections must be described by means of 
indexes (since no time will be saved by a 
detailed description of each type). Betekhtina 
does not give an example of such a descrip- 
tion, but it follows logically from her article % 
that it would look like this: F2 = 50 cm; 
Gy = 2 m; C2. = 1m; F3 = 10 cm, ete §iihem 
letters indicate facies: C - channel facies, 
F - floodplain facies, etc., and the figures 
indicate the rock type within the facies). 


é 


“~ 


A description like this would require a 
detailed lithological study preceded by the 
recognition and description of all character - 
istics of each genetic type. Moreover, differ-— 
ent regions and different zones of formations — 
will have their own specific features and the ~ 
rock in a new region may be "like" or “un-  — 
like" the established "classical" type. This 
must inevitably require explanations and addi- 
tions (and this is no less time consuming than — 
a detailed description, and more obscure) or 
lead to an artificial fitting of rocks to the 
standard type, to a "Procrustean bed." This 
is a harmful procedure. 


rn 


It must be considered also that in some 
cases the characteristics of the genetic types 
of rocks are added to by laboratory work: by 
microscopic analysis, exact identification of 
the rocks by mechanical analysis, separation 
of light and heavy fractions, by various spe- 
cial analyses — chemical, pollen, X-ray, 
luminescence — and, finally, by facies analy- 
sis. All these additional data refine the field 
identification of the genetic type and some- 
times change it. The “index'’ description of 
a section unaccompanied by enumeration of 
the characteristics of its rocks immediately 
disposes of the possibility of refining the field 
identification. Finally, it is quite clear that 
a detailed preliminary study is far from pos- 
sible in every region and for many purposes 
it is not necessary. 


The main point must not be forgotten, that 
the description of rocks made by field parties 
has for its object not only the facies analysis 
(which is undoubtedly very important) but also 
the solution of a number of other problems 
related to prospecting and future exploitation 
of the coal deposits: the discovery of tectonic 
dislocations and aquifers, the determination of 
the strength of the rocks, the stability of the’ 
roof and base of the deposits, etc. There- 
fore, it is absolutely necessary, first of all, 
to identify the rocks, their structure in each 
bed, their primary characteristics and their 
secondary, post-depositional features, such 
as jointing, slickensides, cleavage, cementa- 
tion, degree of weathering and so on. Another 
negative feature of Betekhtina's proposal is 
that the application of her method must lead, 
in effect, to splitting the geologists studying 
a region into two groups, those who investigate 
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he sedimentary sequence in detail and estab- 
ish rock types, and those members of the 
ield party who “without cunning thought” ac- 
‘ept this information and produce a "highly 
fficient" description of the section by means 
f the letter and number symbols. 


| We cannot accept this. Geologists are 
aught while still at the student's desk how to 
)ecognize the main genetic characteristics of 
-ocks and how to use them in describing geo- 
jogic sections. There exists an extensive 
|iterature on the method of describing rocks, 
ind in particular drill cores from coal-bear - 
jng beds, instructions, guides, texts, mono- 
sraphs and other aids. Every one of these 
ublications stresses the need of recording the 
characteristics listed by Betekhtina. For ex- 
unple, G.F. Krasheninnikov, in his "Instruc- 
jiions for the study and description of coal- 
pearing strata” [5], gives a list of character- 
istics to be used in describing different rocks 
of coal deposits and recommends that litho- 
logical descriptions vary in degree of detail, 
ithe greatest detail being reserved for the type 
sections. If identical rocks are encountered, 
jthere is no need to repeat the description; but 
jthe geologist has the right to write "same" 
only when he is absolutely certain that the 
rocks are identical, for even rocks seemingly 
alike may exhibit different features or altera- 
jtions unnoticed during a cursory examination. 
(This should not be forgotten in establishing 
|the genetic types either.) 


|| 


In the "Instructions for geological mapping 
and prospecting,"’ recently issued by the All- 
Union Geological Institute (VSEGEI) [6], it is 
stated (p. 69) that, "In layer-by-layer descrip- 
tion the thickness of each layer must be 
given, together with a condensed account of 
its principal distinguishing and genetically 
important features" (Italics ours. L.B.), and 
more than twenty rock characteristics are 
enumerated. As has already been mentioned, 
this list should be enlarged by adding a group 
of characteristics produced by the secondary 
processes, by diagenesis, metamorphism, 
‘tectonic movements and weathering. These 
requirements have always been considered 
necessary and have not frightened anyone by 
their complexity. 


Thus, the proposal to replace the descrip- 
tion of the features of each distinctive rock 
layer by the direct assignment of it in the 
field to a lithogenetic type is incorrect. More- 
over, one should not confuse the statement 
used to avoid repetition that "layer one is 
similar to layer two" (this has always been 
permissible) with the description of a section 
merely by referring each layer to some 
previously defined type. 


I dwell on this seemingly obvious point be- 
cause, with the present-day broad development 
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of detailed lithological investigations, the 
tendency toward such an “improvement” in 
geological descriptions, with its apparent 
simplicity, may attract adherents and lead to 
obviously detrimental results. 


The most correct procedure, considering 
the latest achievements in detailed lithological 
studies, is as follows: 


1. Each section should be described layer - 
by-layer (as has always been recommended), 
and the rock in each layer named and its 
characteristic features recorded. 


2. Every geologist working with a field 
party must not only "record" the features 
observed in the rocks but also ponder on their 
geological meaning. Only in this way will he 
be able to establish different genetic rock 
types possessing definite assemblages of fea- 
tures. These types may be specific or gen- 
eralized to various degrees, depending on the 
purpose and scale of the investigation. The 
separation of such rock types will undoubtedly 
lead to a better understanding of the process 
of sedimentation responsible for a given se- 
quence, to more reliable correlation and to 
the solution of a number of other problems. 
It is to be understood that the type section 
must be described with the greatest care and 
detail. 


3. After a certain stage of familiarity with 
the section has been reached, it is permissi- 
ble, if a given rock type stands out clearly, 
not to repeat the list of its characteristics in 
detail every time it is encountered but to 
refer to it by its genetic type index, which 
itself implies a definite assemblage of char- 
acteristics. But even then, in addition to 
giving its genetic index, it is necessary to 
name the rock, to describe the kind and scale 
of stratification in the given layer, the nature 
of its fossils and all the secondary character - 
istics it may possess.» The reference to type 
saves a detailed description of composition, 
sorting, color, structure of the layers, nature 
of inclusions, etc. But the presence of fos- 
sils must be recorded, because although pres- 
ent in the layer they may be absent from the 
core. Moreover, fossils are of importance 
not only in facies analysis but in stratigraphy. 
We shall stress once again that the reference 
to rock type is useful only when the charac- 
teristics of the types are sufficiently well 
known and have been classified for a given 
region or stratigraphic zone. 

One more conclusion follows from this: It 
is necessary to carry out such lithological 


5In investigation done for the purpose of facies 
analysis only, the description of the secondary fea- 
tures may be omitted. 
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investigations not only for coal-bearing strata 
but for other sedimentary deposits as well and 
to compile for each one an "Atlas of litho- 
genetic types" which would serve as a guide 
and reference (just as atlases of faunas for 
different regions are compiled). 


This work has been done in part for coal- 
bearing basins. There are descriptions of 
genetic rock types for the Donets, Kuznetsk, 
Podmosko'vye, Karaganda, Pechora, Bureya 
and Chelyabinsk basins, for the deposits of 
Tuva, the Verkhneduyisk formation of Sakhalin 
Island and, with less detail, for certain de- 
posits of Middle Asia, Georgia, Yakutiya and 
the Kizelovsk basin. The lithogenetic types 
recognized in these regions, their distinguish- 
ing features and facies characteristics, may 
serve as the basis for description of the coal- 
bearing section in these regions, but, I re- 
peat, specific types, new characteristics and 
even new types may be encountered in any 
new area to be studied, because the environ- 
ments of sedimentation are many. Therefore, 
geologists must not be instructed to reduce 
their descriptions of sections to a brief list 
of genetic types as proposed by Betekhtina. 
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ON G.D. AFANAS'YEV 
AND S.G. TSEYTLIN'S ARTICLE: 
“PRELIMINARY RESULTS 
OF INVESTIGATIONS OF RADIOACTIVITY 
OF ROCKS OF THE NORTHERN CAUCASUS 
AND THEIR SIGNIFICANCE 
FOR CERTAIN PETROLOGICAL PROBLEMS" ®? 


by 
N. Ye. Mart'yanov 


This paper contains very interesting mate- 
rial on the content of radioactive elements in 
the igneous rocks of the Northern Caucasus. 
Investigations of many years have enabled the 
authors to show convincingly that the total 
U + Th content in granitic rocks increases 
from the Lower Paleozoic to the Tertiary. 


However, in the concluding part of the 
paper, in the discussion of the origin of vol- 
canic heat, the authors express very debatable 
ideas. 


For example, on page 26 it is stated: The 
fact that the heat flow from the depths of the 
earth is the same in continental regions and 
in ocean basins suggests that either the sub- 
oceanic ‘ultramafic’ rocks contain as much U 
and Th as granites or that, in spite of the 
seemingly convincing interpretations of geo- 
physical data, the oceanic basins are under- 
lain by, granite." 


The equality of heat flow on the ocean floor 
and on continents has been demonstrated by 
direct measurement. The absence of granite 


60 stat'ye G.D. Afanas'yeva, S.G. Tseytlin 
"predvaritel'nyye itogi izucheniya radioaktivnosti 
gornykh porod severnogo kavkaza i ikh znacheniye 
dlya nekotorykh problem petrologii."' 


‘Izvestiya, Akademiya Nauk SSSR, ser. geol., 
no. 3, 1958. 


eneath ocean floors has also been established 
y numerous observations carried out over a 
eriod of years.® 


Any attempt to contradict these data re- 
wires a very serious basis. The concept of 
_ radioactive origin of the internal heat of 
he earth is a hypothesis whose correctness 
s becoming more and more doubtful. 


The only conclusion to be drawn from the 
‘quality of heat flow on the continents and 
he ocean floor is that the heat flow is very 
ittle dependent on radioactive decay. 


The authors’ assumptions that the ocean 
loor is underlain by a granitic layer because 
he heat flow is the same on the continents 
ind the ocean floor does not follow from the 
acts. This approach to the problem is pre- 
letermined in this case by the history of the 
levelopment of a hypothesis extrapolated into 
seology from the laboratory. The concept of 
radioactive origin of the earth's internal heat 
vas not derived from geological facts but is 
he result of a series of unsuccessful attempts 
‘0 explain a multitude of geological phenomena 
dy a single physical fact. 


To overcome this main difficulty the 
authors dwell particularly on metamict miner- 
als, and on pages 27-28 remark that, accord- 
ing to the data in the literature, "metamict 
minerals are examples of conservation of 
energy in geologically significant amounts," 


It should be noted that the geological sig- 
nificance of metamict minerals as accumu- 
lators of radiogenic heat is doubted by many 
specialists. 


For example, F. Birch (1956) writes as 
follows: "The small amount of energy repre- 
sented by such phenomena as pleochroic 
halos, thermoluminescence and metamict 
mineralization which can remain in storage 
only at relatively low temperatures is unlikely 
to be of importance for geothermal problems 
involving the whole earth” (p. 194). 


The statement of F. Daniels is similar: 
"Energy storage and later release at high 
temperatures in minerals containing uranium 
and thorium has been established in thermo- 
luminescent rocks and in metamict minerals. 
The first of these seems to be too small to 
be geologically significant, and the second 
appears to be limited to rather unusual and 
comparatively rare minerals" (p. 249). 


® The value of the earth's heat flux was actually 
measured but the conclusion that granites are absent 
| from the ocean floors is a deduction based on com- 
(parison of the elastic properties of different earth ~ 
shells with those of petrologic rock types. Editors. 
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Thus the main objection to the possibility 
of accumulation of large amounts of heat by 
metamict minerals is their rarity. 


However, even if we admit that the meta- 
mict minerals exist in large amounts, we 
still do not have a good argument for the 
radioactive origin of the earth's heat. Accord- 
ing to Daniels (1956), the release of energy 
from metamict minerals often requires tem- 
peratures above 700°C, and according to Kerr 
and Holland (1951) zircons retain a part of 
their energy up to the temperature of 950°C. 


All this indicates that the explanation of 
the processes occurring in the crustal and 
subcrustal depths of the earth must be 
approached with caution. 


COMMENTS ON N.A. YEFIMTSEV'S PAPER 
“THE QUATERNARY GLACIATION 
OF WESTERN TUVA 
AND THE EASTERN PART 
OF GORNYY ALTAY®, 10 


by 
L.D. Shorygin 


N.A. Yefimtsev's paper contains debatable 
and erroneous conclusions which must be dis- 
cussed in order to prevent the general accept- 
ance of incorrect ideas concerning the glacial 
history and the time of neotectonic movements 
in Eastern Tuva and the Eastern part of 
Gornyy Altay. 


Yefimtsev’s main conclusion is that only 
one moraine exists in Tuva and in the eastern 
part of Gornyy Altay, indicating that these 
mountainous regions were glaciated only once. 
He touches upon the questions of neotectonics 
in passing and states that, "There is no 
observable expression of a tectonic phase at 
the boundary between the eo-Pleistocene and 
Pleistocene," (p. 65) and refers all neotectonic 
movements to the Tertiary. 


In discussing the eo-Pleistocene sediments, 
Yefimtsev remarks that the glacial deposits of 
this time are absent from the territory inves- 
tigated by him. The eo-Pleistocene moraine 
found by Ye.N. Shchukina in the valley of the 
Kubadru River he regards as an alluvial de- 
posit because it is stratified and contains 
rounded boulders. 


9 Znamechaniya po povodu stat'i N.A. Yefimtseva 
"O chetvertichnom oledenenii zapadnoy tuvy i vostoch- 
noy chasti gornogo altaya." 


10izvestiya, Akademiya Nauk SSSR, ser. geol., 
no. 9, 1958. 
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It appears to us that it is incorrect to 
regard as alluvial a deposit composed of a 
mixture of gravel, sand, silt and clay and 
containing boulders of various sizes in dif- 
ferent stages of weathering. As for strati- 
fication, it occurs locally in lenticular wedg- 
ing out layers produced by a slight difference 
in the sorting of the material and in part by 
slight differences in the color of the sediment. 
This kind of stratification is not typical of 
alluvial deposits but is more like the strati- 
fication found in recessional moraines as 
described by Carruthers [16]. The shape of 
the boulders also suggests glacial origin, 
for many of them have one especially well 
developed flat facet, which gives them the 
flatiron form typical of glacial boulders. 
Some of the boulders have glacial striae. 


The present author and L.P, Aleksandrova 
found an eo-Pleistocene moraine in the upper 
reaches of the Aldy-Ishkin and Shalash rivers 
and the left tributaries of the Talaylyk River. 
It is composed of large somewhat weathered 
boulders and covers an ancient peneplaned 
surface in the mountains of Western Tuva. 
The peneplaned surface is incised by glacial 
troughs containing younger moraines which 
differ from the eo-Pleistocene moraines in 
being little weathered and in lying on the 
valley floors. 


Yefimtsev's denial of the existence of eo- 
Pleistocene glacial features in the Altay 
Mountains and in Tuva is evidently not an 
oversight, for the diagnostic features of 
moraines cited by him on p. 71 differ signifi- 
cantly from those generally accepted. His 
idea that the moraine material is predomi- 
nantly angular and shows no orientation is 
erroneous [15-17]. It is likely that in a num- 
ber of localities of Western Tuva and Eastern 
Altay moraines were mistaken by Yefimtsev 
for deposits of a different origin. 


In discussing Pleistocene deposits, Yefimt- 
sev incorrectly defines the position of a char- 
acteristic zone of flat carbonate concretions 
within a lacustrine deposit. He describes this 
zone from the Chulushman River valley, states 
that it is contemporaneous with the moraine 
and assigns the formation of concretions to 
the last stage of recession of the glacier, 
which formed, as he believes, but one mo- 
raine. In a number of regions of Eastern 
Tuva the present author and I,.1. Belostotskiy 
(1956) found this key bed of lacustrine sedi- 
ment beneath the upper moraine or beneath 
the gravels contemporaneous with the moraine. 
In many sections in the adjacent regions of 
Gornyy Altay this bed is found between two 
moraine zones [10]. Such sections have been 
described from the valleys of the Kubadry 
and Chulyshman Rivers. 


In Western Tuva, along the valley of the 
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Chingekat River, in alluvium synchronous 

with the lacustrine deposit, we found clay-peat 
layers containing pollen, indicating that a 
mild climate existed at the time of their dep- 
osition, A similar pollen assemblage was 
described from the sediments of the synchro- ~ 
nous lacustrine deposit in the Bele sections 

on Lake Teletsk [2] and at the Bashkaus 
reservoir. 


These facts and the regional development 
of the lacustrine formation indicate that it is 
interglacial and was deposited between the 
times of accumulation of the two Pleistocene 
moraines. It corresponds to the epoch of 
synchronous strong recession of ice from 
Eastern Tuva and the eastern part of Gornyy 
Altay. Thus, Yefimtsev's belief that there 
is only one moraine in his region, indicating 
a single glaciation, is erroneous. 


Yefimtsev's idea of the time of neotectonic 
movements in Tuva and Gornyy Altay must 
also be questioned. The data collected by us 
[9] and those recorded in the literature [3-8, 
10-12] indicate that neotectonic movements 
occurred in these regions, not only in the 
Tertiary, but also in the Quaternary period. 
The presence of a tectonic phase at the bound- 
ary between the eo-Pleistocene and Pleisto- 
cene in Western Tuva and Eastern Altay is 
proved by the dislocation of brown weathered 
eo-Pleistocene alluvial gravels and fanglomer- 
ates. As the result of these dislocations, the 
eo-Pleistocene gravels in Western Tuva are 
contorted, cut by neotectonic faults and dis- 
placed to différent elevations. In the valley 
of the Khemchik River, near the edges of the 
Khemchik basin, the eo-Pleistocene gravels 
lie at the level of the river. Down the river, 
where it cuts through the Khemchik Range, 
the gravels lie 400 meters above the river 
level, and still farther down, they lie on the 
surface of the 80 meter river terrace. 


In other river valleys of western Tuva, it 
is possible to see that the elevation of the 
gravels depends on the mobility of the struc- 
tures cut by the stream. In the mountainous 
regions representing rising blocks, the eo- 
Pleistocene gravels form the surface of river 
terraces 120 meters and more above the 
stream, while in the basins which are areas 
of downwarping these deposits are buried under 
younger sediments and lie beneath the present 
channel of the river. 


In Gornyy Altay, according to Ye.N. 
Shchukina [10] and O.A. Rakovets [7], besides 
the dislocations already mentioned there are 
overthrusts of various Paleozoic strata resting 
on the eo-Pleistocene gravels. No such severe 
dislocations have been observed in the younger, 
Pleistocene deposits. Thus, the eo-Pleistocene- 
Pleistocene tectonic phase has a clear enough 
expression. A further confirmation of it is 


—— 
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provided by the deep incision of stream val- 
leys between the eo-Pleistocene and Pleisto- 


cene. 


The facts cited above do not confirm the 


conclusions given in Yefimtsev's paper con- 
cerning glaciation and neotectonic movements 
in Western Tuva and Eastern Altay. 
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